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ABSTRACT

A series of computer programs is under development
for use in the design and evaluation of roll stabiliza-
tion devices. This report is the user manual for the
first program that has been completed. Identified by
the acronym FINCON, the program is based on the work of
Cox and Lloyd published in Volume 85 of the Transactions
of the Society of Naval Architects and Marine Engineers.
FINCON predicts stabilized and unstabilized ship roll
motion, bilge keel and antiroll fin sizing effects, and
the influence of fin controller characteristics by use
of a one degree-of-freedom roll-motion equation. Non-
linear roll damping characteristics, derived from model
experiments or by other means, are incorporated by a com-
bination of equivalent linearization and an iteration
procedure. Results are predicted for short-crested seas
(for stabilizer design purposes) and long-crested seas,
which are described by two-parameter Bretschnieder wave
spectra.

ADMINISTRATIVE INFORMATION

The development and documentation of the computer program reported
herein is a part of the Conventional Ship Seakeeping Research and Develop-
ment Program (Block SF 43 421 202) and the Ship Performance and Hydrodynam-
ics Program (Block SF 43 421 001) both under Program Element 62543. At
David W. Taylor Naval Ship Research and Development Center (DTNSRDC) it is
identified by Work Units 1504-100, 1507-200, and 1500-104. Authors Susan
L. Bales and Geoffrey G. Cox are DINSRDC personnel. Author John R. Tucker
is on the staff of Chi Associates, Inc.

INTRODUCTION
Devices such as bilge keels, anti-roll fins, and anti-roll tanks have

been used over the years to reduce the roll motion of naval and commercial

vessels. In recent years, the U.S. Navy has become increasingly involved

in the design and development of suitable roll stabilization devices for

Navy ships. This report provides a user's manual for a computer program
which permits prediction of unstabilized and bilge keel/anti-roll, fin-
stabilized, ship roll motions; bilge-keel and fin-sizing requirements; and

the influence of fin controller characteristics. The program is known by
the acronym FINCON.
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The need for improved design and performance evaluation tools for
bilge keels, antiroll fins, and their controllers has been recognized by
Cox and Lloyd,l* who provide the hydrodynamic basis for such investigations.
A comprehensive work, Reference 1 covers such topics as the current state-
of-the-art for bilge keels, fins and tanks, the status of lateral motion
predictions, measures of effectiveness, design practices, and sea state
specifications for design. The computer program described in this report
is based on the procedures detailed in Reference 1.

Reference 1 recognizes the potential need for roll and roll stabiliza-
tion prediction tools throughout the so-called design spiral of U.S. Navy
ships. Hence, the procedures outlined there and used here can be employed
with a very simple descriptor of ship particulars and geometry. Specifi-
cally, modifications to the one-degree-of-freedom roll motion equation of
Conolly2 are used to predict ship roll motion, and the required program
input is rather easy to obtain from the data available during early stages
of ship design. For instance, in addition to specification of sea condi-
tion and ship speed, particulars such as ship length, beam displacement,
transverse metacentric height and radius, natural roll period, and roll
decay coefficients are required. The estimates of these required input
variables can be refined as the design process continues and more accurate
data becomes available through model experiments, etc. The manpower and
computer time costs involved in such predictions are relatively low, and
these predictions can be completed quickly in comparison to other sea-
keeping design evaluation procedures.

An added feature of the FINCON program is the capability to recognize
the effect of fin saturation, which occurs in heavy seas, on RMS (root mean
square) roll angle. The approach is based on a refinement of the method
given in Appendix 3 of Reference 1, and specific details of this improve-

ment will be published in a future report currently under preparation by

Cox.

*A complete listing of references is given on page 59.
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PROGRAM ORGANIZATION
FINCON, written in extended FORTRAN, is operable on DTNSRDC's CDC
6000 computers.
Figure 1 is an overview of the organization of FINCON. The overall
program consists of two major parts, FINCON and FINSTAB with FINCON acting

as the driver or so-called main program.

FINSTAB

-}

ALGRNG

Figure 1 - Program Organization

As the driver of the rest of the program, FINCON calls all other
routines for execution. In addition, FINCON provides the unstabilized roll
calculations (including the effect of bilge keels) and is responsible for
all program input and output.

FINSTAB is the second major part of the program. It predicts fin-
stabilized roll angles, fin angles, fin angular velocities, and fin angular
accelerations for the input fin and fin controller characteristics.

FINSTAB also includes the fin saturation calculations, Although it is
called into execution by FINCON, given the proper input and output speci-
fications, FINSTAB in reality can be executed as an independent program.




BESSJ is a CDC system subroutine which is called up at the time of -
execution for calculation of Bessel functions of the first kind. BESSJ is 1
only used when the ship's waterplane is declared elliptical. . :

BRWSSP is a subroutine to predict the Bretschnieder wave-slope spectrum
for a specified significant wave height and modal wave period. Initially,
the wave-height spectrum is computed; and then it is converted to a wave-
slope spectrum by multiplying by the product of a constant and the square

of the wave number k,

k = w’/g 1) i

where w is the wave frequency in radians per second and g is the accelera-
tion due to gravity. The constant (180/1T)2 enters in to permit conversion
into degrees to yield values of the roll-response amplitude operator, which
is computed by FINCON in units of (degree/degree)z.

3o,

4 ITREQ is a subroutine which iterates between an equivalently linear-
ized roll damping curve, which is a function of RMS roll rate, and the
predicted RMS roll rate. In brief, the iteration continues until the
computed short- or long-crested RMS roll rate, either unstabilized or
stabilized, is within a small value, epsilon, of the previously computed
value. The appropriate RMS roll angle can then be found. Additional
details of the exact procedure are provided in the Appendixes A, B, and C.
ITREQ is called by both FINCON and FINSTAB.

ERRF is a function subprogram which gives a rational approximation to ;f
the error integral ]

X 2
4 erf(x) = —3] et at (2)
v 0

and is used in the calculation of fin saturation effects.

ALGRNG is an integration subroutine which performs a so-called
Lagrangian or quadratic integration over three points at a time, The
subroutine is called by both FINCON and FINSTAB, and spectral closure is

ensured by the techniques outlined in Figure 2, adopted from Reference 3.
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3




14

e

L LT

RESPONSE SPECTRUM, S

[_] A, = AREA OF COMPUTED RESPONSE SPECTRUM
Ay = 1/28, (wy-w,) WHERE wg = w, - 0.03
Aq = AREA OF RIGHT TRIANGLE FORMED BY

DRAWING STRAIGHT LINE THROUGH S,
AND S, TO THE ABSCISSA, TRIANGLE

WSy
EZ5] A, =SAME AS A;BUT FOR §_; AND S,

w1 = 0.05
w, = 2.00

w (OR wg)

IF 8,018, THEN A, <A, +MINIMUM OF A, AND A, :

IF $, <8, AND 8 >0.185 . THEN Ay« A +A,

RN

Figure 2 - Spectral Closure Procedure

(From Reference 3)
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The procedure for predicting the unstabilized and stabilized roll
angles, as well as fin angles, and velocities is outlined in Appendix A.
Because the procedure is developed in detail in Reference 1, only a listing
of the equations used is given in Appendix A. 1In general, the FORTRAN
variables have been named as closely as possible to the variables of the
equations of Appendix A, so the user should have relatively little diffi-
culty in "reading" the program. A listing of the program is given in
Appendix B. Appendix C describes two special algorithms used, namely the
iteration algorithm and the cosine squared short-crested sea algorithm for

arbitrary spreading angles.

PROGRAM INPUT

As described in the Introduction, the input requirements of FINCON
are relatively simple. The input variables consist of sea conditions, ship
speed, and very simple descriptions of the ship particulars and geometry.
Unlike many multi-degree—of-freedom ship-motion prediction programs in use
today, neither offsets of the ship sections nor Lewis forms are required.
This makes implementation of FINCON possible at an early design stage
(e.g., before the ship lines are "firmed up").

Table 1 describes the required input to the program and Table 2
explains the notation and variable names. Up to eight sea conditions and
five ship speeds may be executed within a single run, using either metric
or English units for input/output. If ITERATE on card 10 is greater than
zero, then roll damping is treated as nonlinear, and coefficients, DUC,

should be input. For example, letting d = DUC for a simpler notation, then

3

= P 2 4
n do + 1.6ldpy + 1.88d1y + adzy + 9.6d3y + 24d4y (3)

where y = O&)/w¢ is the RMS roll rate divided by ship natural frequency,
p is 0.772, and n is the roll damping coefficient as a function of y.
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TABLE 1 - INPUT TO FINCON PROGRAM

Contents

Format

NAME1, NAME2, NAME3
TITLE2
NWH, NV, IUNITS

(SWH(IWH), IWH=1, NWH) where
1 <NWH< 10

(TO(IWH), IWH=1, NWH) where
1 < NWH < 10

(VK(IV), IV=1, NV) where
1<N <5

DISPTON, L, T, GM, BM, TPHI, Q
SHAPE

ISC, ANGLE

ITERATE

IF ITERATE = 0
((puc(1v,1l), IV=1, NV) where
1<N <S5

IF ITERATE # 0
((puc(iv,1), I=1, 6), IvV=1, NV)
whereliNVf_S

IPRINT(1), IPRINT(2)
NSTAB

(3A10)
(8A10)
(315)
(8F10.5)

(8F10.5)

(5F10.5)

(7F10.5)
(a10)
(15,F10.5)
(15)
(5F10.5)

(6F10.5)

(2A10)
(15)

Repeat cards 14 through 17 NSTAB t

imes.

M, AREA, R

DCLDBFS, HO, H1, H2, H3, H4

GK, GV, K1, K2, K3

Al, A2, A3, Bl1l, B2, B3

NSAT

(BSTOP (1), BVELMAX (I),I=1, NV)

(15,2F10.5)
(6F10.5)
(5F10.5)
(6F10.5)
(15)
(8F10.5)
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ANGLE

AREA
Al, A2, A3
BM

Bl, B2, B3
BSTOP
BVELMAX
DCLDBFS

DISPTON
DUC

GK

GM

GV

HO, H1, H2
IPRINT

1sC

ITERATE

IUNITS

K1, K2, K3

T B RN
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TABLE 2 - PROGRAM NOTATION (INPUT)

, H3, H4

Increment of wave energy spreading for calculation

of short-crested responses; e.g., 5, 10, or
15 degrees

Fin area, square feet or square meters
Fin servo coefficients

Transverse metacentric radius, (distance between
center of buoyancy and metacenter), feet
or meters.

Fin controller compensation coefficients
Fin limit angle '
Fin limit angular velocity

Free stream lift coefficient curve slope,
per degree

Ship displacement, long tons or metric tons
Roll damping or roll damping coefficients
Overall fin control gain

Transverse metacentric height, feet or meters
Speed dependent fin control gain

Fin 1ift curve correction coefficients

Array of print options; IPRINT(l) = SPECTRA,
heading printing of long-crested response
spectra and components., IPRINT(2) = ITERATN,
step by step printing of iteration over roll
damping of relevant variables.

Switch for short-crested responses. If ISC #
0, provide ANGLE.

Equals 0 for roll damping value independent of
roll angle. Equals 1 when iteration is required.

Switch indicating type of units for Input/Output:
IUNITS = O for English, = 1 for metric.

Roll angle, velocity, and acceleration charac-
teristic gain factors. Sensitivities of demanded
fin angle to roll angle, velocity, and
acceleration.

Ship length between particulars, feet or meters

B e i
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TABLE 2 (Continued)

Number of fin pairs

Identification of run of program by person's
name, code, and telephone extension

Equals 1 for inclusion of significant saturation
effects

Number of fin/controller/servo, etc., input
scts; e.g., < 10

Number of ship speeds, e.g., < 5
Fumber of sea conditions, e.g., <10

0I/(I+81), see Equation (5) for definition
of 81/1

Fin moment arm, feet or meters

Alphameric description of waterplane shape;
e.g., PARAB, ELLIP, or RECTANG

Significant wave height, feet or meters
Draft, feet or meters

Alphameric identification of a run of the
program; e.g., ship name

Roll period, seconds
TO Modal wave period, seconds

VK Ship speed, knots

The dj values are found by fitting a curve* to experimentally derived calm

water roll decay data, or by use of analytically predicted values, prior
to execution of FINCON. The iteration is performed until

|1-(8&>/y)| < 0.01 (4)

where 06 is that RMS roll rate obtained from the prediction using the roll

damping coefficient n associated with y by Equation (3).

*In practice, a straight line frequently provides an adequate repre-
sentation of the experimentally derived roll data.

D
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Card 12 defines two print options. 1If IPRINT(1l) is SPECTRA, a heading-

by-heading printing of long-crested roll spectra and their components

(e.g., the wave frequencies w, the response amplitude operators (RAO's),
etc.) will be printed. If IPRINT(2) is ITERATN, step-by-step printing of
the iteration over roll damping of the relevant variables will occur. This
option is useful for debugging purposes.

If NSTAB is zero on card 13, only unstabilized roll predictions will
be made and cards 14 to 17 can be eliminated. If NSTAB is greater than
zero, cards 14 to 17 should be repeated NSTAB times.

Card 18 specifies whether or not saturation calculations will be done.
If NSAT is zero (blank card) no other cards are needed. If NSAT is greater
than zero, NSAT pairs of values for fin limit angle (BSTOP) and fin limit
velocity (BVELMAX) are needed. If BVELMAX is not supplied (field left
blank) a value will be generated by FINCON (e.g., BVELMAX=10°BSTOP/TPHI).

Table 3 gives a sample listing of input cards for an example ship,
between the END OF RECORD and END OF FILE cards. It should be noted that
the input values are given in units of feet and long tons. A metric con-
version option may be invoked to allow the input of values in metric units.
The method for activating this option is to place a "1" in Column 15
(IUNITS) of card 3.

The first two data cards shown in Table 3 contain only alphanumeric,
or descriptive data. Card 3, indicates that two sea conditions and one
speed are to be considered and that English units are assumed for Inﬁut/
Output. Cards 4 and 5 define the sea conditions in terms of significant
wave height and modal wave pericd. Card 6 specifies the ship speed at 25
knots. Card 7 gives the ship particulars of displacement, length, draft,
transverse metacentric height, transverse metacentric radius, roll period,
and Q. Q is the ratio of added mass to total mass moment of inertia,

81/ (1+81), and as shown in Reference 1, can be estimated from

%l'= - 0,186 + 1.179 CB ~ 0.615 CB2 (without bilge keels)

and (5)

81 - - 0.002 + 0.814 Gy = 0.316 C;2 (with bilge keels)

10
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TABLE 3 - TYPICAL CONTROL AND DATA CARD SET

CHHJZXX ,CM77000,T7199,P4,

CHARGE , CHHJ , HQHAA15023 ,RS.
ATTACH,OLDPL ,F INCONREVISIONG, ID=PUAA.
MAP(ON)

SETCORE( INDEF ,ADDR)

ATTACH(NSRDC)

L IBRARY(NSRDC)

FTN,I=0LDPL.

LGO.

7/8/9 END OF RECORD

Card 1: H.JONES 1568 71210
2: CGN-;Z SELECTED FINS (TWO FIN PAIRS, 75 SO.FT.,) R. N. 0. (25 KTS)
3: 1 0
4: 24.61 18.04
5: 12.9 12.3
6: 25.0
7: 12000.0 560.0 22,7 4,3 16.06 12.8 0.331
8: PARAB
9: 1 15.0
10: 1
};: 0.1693 0.00570 -.0002
13: 1
14; 2 75.0 33.45
15: 0.43 0.349 1.117 -0,519
16: 1.0 1.650 1.0 2.5 1.0
1;: 1.0 ] 0.160 0.025 1.0 0.630 0.092
18:
19: 10.2 7.98875

6/7/8/9 END OF FILE

where CB is the block coefficient and average bilge keels are assumed.

Card 8 specifies waterplane shape as parabolic, which is usual for fine-
form naval ships. Card 9 indicates that short-crested seas will be treated
and specifies the spreading angle to be 15 degrees. If card 9 were blank,
the program would assume that only long-~crested calculations would be donme.
Card 10 indicates that iteration over the roll-roll damping curve is re-
quired to account for nonlinear roll damping. Card 11 gives the coeffi-
cients, DUC or d, of the roll-roll damping curve (e.g., see Equation (3)).

Had roll damping been linear in this sample input case, card 10 would have
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been blank and card 11 would have contained the single value for roll
damping coefficient, n, for 25 knots. Card 12 is blank, so printing of any
intermediate steps (e.g., the long-crested spectra and their RAO's, etc.,
or the iteration steps) is not done.

Cards 1 to 12 provide all the data necessary to complete a FINCON run
to calculate unstabilized roll angles. If card 13 were blank, this is
exactly the way the program would execute. However, card 13 indicates that
one set of stabilizing conditions is to be considered. Cards 14 to 17
provide the fin and fin controller particulars. Two pairs of 75 square
feet fins with a fin moment arm of 33.45 feet are indicated on card 14.

The fin moment arm is takem about the longitudinal axis, through the center
of gravity, and measured to the center of the fin for all fin pairs. Card
15 gives the free stream, 1lift coefficient curve slope and the 1ift cor-
rection coefficients which compensate for fin-induced sway and yaw motions.
The values of card 15 are estimated by the procedures outlined in

Reference 1. Card 16 specifies both the overall gain GK and speed dependent
fin control gain GV’ as well as the roll angle, roll rate, and roll accel-
eration characteristic gains kl, kz, and k3, such that the fin controller

equation is
B = GK . Gv(k1¢ + k2¢ + k3¢) (6)

where ¢ is the roll angle and B is fin angle. Card 17 specifies the fin
servo coefficients and the fin-controller compensation coefficients. The
values given in Table 3 for card 17 variables were selected from Reference
4 and are also given in Reference 1.

Card 18 is not blank, indicating that any significant saturation
effects will be included in the calculations, and so an additional card is
required to provide the limiting angle and limiting speed* of the fins.
Insignificant saturation effects are automatically ignored by the program.

#*1If the angle is provided and the speed is left blank, the program
will compute an appropriate value.

12




SRR

e e Ao e 1 ¥

This is to avoid the additional cost which would otherwise be incurred while
having no significant effect on the results. Had card 18 been blank, indi- .
cating that no saturation effects were to be considered, then no other data

cards would have been needed.

PROGRAM OUTPUT

Table 4 presents the program output for the sample input given in
Table 3. The first page outputs the input identifying titles; the second
page outputs the operating conditions and ship/fin/fin controller particu-
lars; and the third page provides the results. The first listings on the
third page gives the resulting unstabilized RMS roll angles and correspond-
ing damping coefficient values for ship headings from 0 to 180 degrees
(following to head seas) in 15-degree increments for short-crested seas.
The next row of tables contains the corresponding RMS stabilized roll
angles and damping coefficients, as well as the resulting RMS fin angles
and velocities. Those values of RMS roll for which saturation effects
would produce less than a 2 percent change are indicated by an asterisk.
For such headings, only the unsaturated values are calculated.

Had there been a second stabilized condition specified on input card
13, another row of tables would follow the one for case 1. Results for
additional speeds and sea conditions would be printed in a similar fashion
on subsequent pages. The fourth page indicates that the program completed
execution satisfactorily; e.g., no system (loader, input/output, etc.)
errors were encountered.

Table 5 presents a typical output when IPRINT(1l) is SPECTRA on card
12. One such page would appear for each ship heading. The columns provide
wave frequency W, wave-encounter frequency WE, wavelength LAM, wavelength- :
to-shiplength LAM/L, wave number K, nondimensional transfer function TR,
nondimensional response amplitude operator, RAO, wave-slope spectrum W SL S,
and roll (unstabilized) response spectrum SUR. Also given are the dimen-
sional response amplitude operator RAO DIM, the wave-height spectrum W HT S,
and the resulting roll response spectrum SUR DIM, which should be equiva-

lent to SUR. Due to the fact that this sample is for the case of nonlinear
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TABLE 4 - TYPICAL PROGRAM OUTPUT, ITERATION OVER ROLL DAMPING
i
# » % ROLL MOTION PREDICTION PROSRAM * &+ ¢
M. JONES 1568 71210 ’
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roll damping, the spectral data and the RMS roll of Table 5 are not, in
general, considered especially meaningful. Had the damping been linear, as
is usually the case for the ship without bilge keels, the spectra would be
representative of the long-crested seas case and the RMS roll could corre-
spond to a value given on the "page-three-type-output" of Table 4.

Table 6 presents a typical output when IPRINT(2) is ITERATN on
card 12. 1In brief, the intermediate roll rate and damping coefficient
values are printed for each heading, speed, and sea condition. Appendix C

further describes this output example.

TABLE 6 - TYPICAL PROGRAM OUTPUT FOR IPRINT(2) = ITERATN OPTION

L]
<

My NTRY  PHIN YP+1 Yp YP-1 GP GP-1

.094 .475 0.000 .239 4.628 .476
.094 .475 2.314 0.000 4,628 4.628
.140 .475 2.314 0.000 3.847 4.628
.140 3.461 3.461 2.314 3.847 3.847
.156 3.461 3.461 2.314 3.674 3.847
.156 3.645 3.645 3.461 3.674 3.674
.159 3.645 3.645 3.461 3.652 3.674
.094 3.645 0.000 3.461 .507 3.674
.094 3.645 .254 0.000 .507 .507
.100 3.635 .254 0.000 .506 .507
.100 .504 .504 .254 .506 .506
.105 .504 .504 .254 .504 .506

1
1
1
1
1
1
1
1
1
1
1
1

SISSN SN SNSNSNSN NN
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PROGRAM EXECUTION

A typical deck control card set up is given in Table 3. Simply
speaking, the object program is attached and executed. The object program
is stored permanently on a private disk pack and can be recovered for
storage on the main (public) disk and for user execution by running the
control card deck of Table 7. The source deck is also stored on the pri-
vate disk pack in an UPDATE file such that program modifications can be
easily made, if necessary. The program listing of Appendix B was printed
from this UPDATE file.
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TABLE 7 - CONTROL CARD SET TO RETRIEVE OBJECT PROGRAM

i COLY. 123456789112345678921234567893123456789412345678951234567896123456789

CHHJPAK,CM77777,T100,RP1,P3. :
CHARGE , CHHJ , XXXXXXXXXX,CC,R.

PAUSE. JOB REQUIRES DISK PACK DV4850.

MOUNT ,VSN=DV4850,SN=HJPKL4,

REQUEST,TWO,*PF.

ATTACH,ONE ,F INCONOBJECTNOV, ID=CHHJ,CY=1,MR=1,SN=HJPKLA4.

COPYBF ,ONE,TWO, 1.

CATALOG, TWO, F INCONOBJECTNOV , ID=PUAA ,AC=XXXXXXXXXX,CY=1,MR=1,

L 6/7/8/9 END OF FILE

gt 4

The run time of the program, indicated by TXXX on the job card of

e L2

Table 3, varies, of course, with the amount of calculation required.
Roughly, for nonlinear roll damping and 15-degree short~crested spreading,
a stabilized roll calculation (without saturation effects, and for a single
sea condition and speed) takes about 50 seconds of execution time and 15
seconds compilation time. For unstabilized calculations, the execution
time is somewhat less than half of the time for the stabilized case. The
time increases proportivnately as the spreading angle of the short-crested
seas is decreased. For a 5-degree spreading angle, the time is almost
three times (Vv 145 seconds) that of the 15-degree case (reflecting the

fact that there are about three times as many calculations that need to be

4 performed). From the runs made to date, it is not evident that decreasing

the spreading angle from 15 degrees increases the accuracy of predicted
roll at a given ship heading »y a noticeable amount. However, a finer mesh
of spreading angles does, in some cases, permit a more refined localization
of the worst heading angle. Thus, the required execution time is a
multiple of 50 seconds depending on the number of speeds, sea conditionmns,

2 and the value of the spreading angle (in proportion to 15 degrees).

20

R N

R O I AP
R PR as. o iy ik L Ty
g ot




e DTN

T NE = U RN

e et a%

The required memory, as indicated by CMXXXXXX on the job is 77777
octal words (see Table 3). The job priority, indicated by PX on the job
card, is then determined by the amount of system time required. Based on
current computer center figures for the CDC 6700 and average costs over

several program runs, the guidelines in Table 8 are offered.

TABLE 8 - RUN TIME AND COST GUIDELINES

T Highest Priority (Turnaround) N §/System Seconds
< 200 4 (prime shift, 1 hour max after 0.090
completion)
<3600 3 (prime shift, as soon as possible) 0.074
Unlimited 2 (nonprime shift, when possible, 0.060
overnight)

PROGRAM VERIFICATION

Predicted values of unstabilized ship roll motion using the one-
degree-of-freedom roll motion procedure, have been compared to model and
full-scale experiment results in both References 1 and 2. Ongoing work at
DTNSRDC by Meyers has found the results of the single-degree equation
very similar to those of the coupled, three-degree equations for roll-sway-
yaw for the worst heading roll motion, although some underprediction in bow
seas and some overprediction in following to quartering seas have been
noted. Additionmally, Reference 2, as well as work by Lloyd and other
Admiralty Marine Technology Establishment (AMTE) personnel, has substan-
tiated, at least in part, the stabilized roll and fin predictions. It is
generally recognized that the predictions of FINCON (e.g., for the worst
heading) are appropriate for use in design problems.

The coding of FINCON has been verified by making comparisons with
results of the older unpublished FINS program, as well as with published
results of programs currently used by Lloyd and others at AMTE. The com-
parisons substantiate the correctness of the coding of FINCON in general,

though some differences do occur between the results of FINCON and the
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AMTE program. For example, at some speeds, the FINCON unstabilized roll
angles were higher than the corresponding AMTE values for the same narrow-
beam LEANDER-class frigate evaluated for the case when roll damping is in-
dependent of roll angle. The differences may be due to differences in the
input, slight differences in the motion equations and algorithms programmed,
or differences in the short-crested seas algorithm. One known difference
is that FINCON accepts as input the true value for BM, the center of
buoyancy; whereas the AMTE program computes a value based on the shape of
the waterplane. Another difference, though not relevant to the comparisons
made for the LEANDER, is that the AMTE program has no provision to handle

the case when roll damping is dependent on roll angle.

FUTURE WORK

FINCON is the f.rst of a series of new tools being developed to
enhance the U.S. Navy's roll/fin design capability. As such, FINCON is
the basis for all such current and near-future investigations. Specific
guidelines for optimum use of the program in the form of a rather complete
design exercise can be found in Reference 1. Procedures for evaluating
bilge~keel and fin sizing and stabilizer control optimization are detailed
there. These procedures indicate how the use of the FINCON program in roll/
fin/controller design practice can be extremely instructive.

Another very important area currently being investigated by Cox is the
use of a coupled, three-degree system of equations for roll, sway, and yaw
motion prediction. A more general and refined program is being developed
in conjunction with that work. The program under development will also
be of practical use at an early stage of ship design, requiring only very
simple input requirements. A complete report and user's manual for the
improved three-degree-of-freedom simulation system will soon be published.
It will include details of the approach which is used in the current one-

degree-of-freedom program to recognize fin-saturation effects.

CONCLUDING REMARKS
This report provides a user's guide to FINCON, a roll, fin, fin con-

troller prediction computer program. No attempt to describe design

TR P ST Ay ..



N = e S T

practices or the required engineering decisions necessary to using this
tool has been made; Reference 1 provides a comprehensive discussion of such
materials. Sample inputs and outputs, as well as a description of the
program organization and procedures have been given. It is envisioned

that the engineer, with a working knowledge of Reference 1, will run the
program essentially as a '"black box"--he/she 1s not expected to need to
contend with the actual FORTRAN or source deck; and, thus, only a very
rudimentary knowledge of programming or computers is required. Instead,
he/she will be required to actively participate in the engineering tradeoff

decisions necessary in design work, and, as such will probably run FINCON
several times in any given investigation.
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APPENDIX A
PROGRAM PROCEDURE AND FLOW

et g PRI QRIS

é The equations solved in FINCON are listed in Table 9 and are taken
almost exclusively from Reference 1. For purposes of illustration, a
short-crested spreading angle of 10 degrees is assumed. Table 10 provides
a description of the nomenclature used in Table 9. The corresponding
FORTRAN notation (e.g., see the listing of Appendix B) follows as closely
as possible that of Table 10.*

Table 9 is, in a sense, broken into three algorithmic steps. Four

A sgia e

basic predictions are identified: stabilized roll, roll rate, fin angle,
and fin velocity. Each of the four is identified by a more or less reverse
; building-block procedure. For example, the final step of the first al-

: gorithm is labeled 1-1, the step preceding 1-1 is 1-2, the step preceding
1-2 is 1-3, etc. Similarly, steps 2-1, 2-2, etc., and 3-1, 3-2, etc., are

5 developed. It is felt that this reverse building-block approach to listing
s the steps makes it easier to see the final results and is also representa-
E tive of the procedure followed in organizing the equations of Reference 1
; for programming purposes. Obviously some of the steps developed for the
} ] first algorithm are needed by the other two algorithms (e.g., step l-4-1);
: however, it was not considered necessary to repeat these for each of the
; other two. Instead, for clarity, one can assume that the results of each
step of the first algorithm are available to the remaining algorithms.
Figure 3 presents a diagram of the flow sequence of FINCON. The
figure identifies the important loops over sea conditions and ship speed
for both unstabilized and stabilized predictions. The diagram was con-

? structed with the intent of providing a quick overview of the entire
program flow so that major computational segments are easily identified.

B s a.
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*One exception to this is that <, in Table 9 becomes CA in the
FORTRAN.
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2 1 2
1-1 [Uq,s(u)] sc "9 Z cos (
p=-8
8
2-1 [%(u)]:c-% Z cosz(
p=-8
8
2 1 2
1 (ol =3 _5_ cos” (
p=-8
8
41 lcé(u)lic =-;- Z cosz(
p=-8

TABLE 9 - EQUATIONS FOR ROLL, FIN ANGLE, AND
FIN VELOCITY CALCULATION

wk

J-_‘& [Gs(\))]icn 'I S¢ [N,NE((U),V,I‘IU] (

0 u

wk

2-2 [o$(v)]icn -J‘ S@ [(L),O)E(N) ’V)nu] (

0 u

w*

32 logMj, -j S5
0 u

©-

2 18.) /6.1
[w,mE(w),v,nu] A Y

wk 2 2
[(8.) /¢.1]
lde(v)lfcn 'J' S4>u [m,mE(w),v,nu]( ——ao s 2
0
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TABLE 9 (Continued)

3, [owg@,vinl = sy (0,00 (@) ,v,0,] (@ @))°

S

[0, @),V,n,] = S, W) [r%(wg.v.nu)]

¢

u

- 2
487.0626 -1948. 2444 360 w

S, (w) = @, )2 ( )
o ) 0 1/3 ¢ [ X H 2n g

(o]

¢ -kT
=Y . & 2.1/2
Td)u(wE’v’nu) kc - sin v(h LI )
a

1, . 2

k-ZH/A-wZ/g;cu-(aﬂa)l 1-A%;

3 = - 2'
A wE/w bu 2nuA, h =D - qCA";

¢§

sin k
I"or:F +B—M-G or F +BM

kL P GM p e oM

D= Ge for

rectangular, parabolic, or elliptical waterplanes, respectively;

1 =1 2 .
kL 2l;thos\) Zngcos\),

F -—g—[sin ~k, cos 1;
] kL3 kI.kl. k1..




TABLE 9 (Continued)

SRCHIEE

sin kL*
1 %
—kI:*—'; kL* = 2 kL cos v;

C =

*
L =1L,1/2 L, or Y7/4 L for rectangular, parabolic, or
elliptical waterplane, respectively;

1-4-1
x 1-4-2
1-4~3
1-4~4

% : u ’ ®a a bs ®a
E = E:) 1+2 cs¢s)<-§ cos § + E: sin E) + °s¢

==(a+b)l/2 b = 2n A
s 8 8

®a (&vj) (dCL) 1 (Ba)o
cd, = ssm AGM MAR dB E (a +a )1/2 ¢
kI(a b R31 ) kR(aRbI-O-aIb
sin £ = 172
[(k I) (a *'81) (b I)]
kn(‘n n 1 1’** <‘nbr*°1 R
cos £ = 172
[(k I) (l I)(b I)]

R DA T TGRS

v %ﬂv




'
i

H
{ TABLE 9 (Continued)
i ) 2 71/2
: B kgtky
! 1-4-5 3 = Gk . Gv 53 | 4
E bR+bI
k. = ky - wlk,; k. = w.ko; b, = b, - wlb.;
R 1 E 3" 1 E 2* °R 1 E 3°
b w.b,; a a-wza'a-ma'
I E2* *r 41 E°3’ %1 E*2’
ch (ch 2
T D A A T 3 hp(wg) = h, + hywp + hywp
E FS
3 4,
+ hSwE + hANE’
2
(0]
"’E w -~ pe V cos v
; 1l Bst Bst
5 1-5-1 S = oy | A-Fxy) erf P ) + (F-1)x, erf [ —P—
: sm % o, V2 x.0, V2
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TABLE 10 - NOTATION USED IN EQUATIONS OF TABLE 9

bysbysby
cu,s

(dc, /aB)

(dC; /dB) g

hep (wp)

h,shy,hy,h,,h,

e A e

Fin area
1 - A

wEaz

Fin servo coefficients

Distance between center of buoyancy and metacenter

Fin controller compensation coefficients

2.2 1/2
(a +bu,s)

Efféctive lift curve slope

Free stream 1lift coefficient curve slope

Transverse metacentric height

Fin controller overall gain control

Fin controller velocity dependent gain control
Acceleration due to gravity

Ratio of effective to free stream fin 1lift cur?e slopes

hF(mE) = ho + h,w, + h,w, + hw_ + h,w

1'E

Bessel functions of the first kind

Wave number, w2/g

Wk,

30
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TABLE 10 (Continued)
Roll angle, velocity, and acceleration characteristic
gain values
Ship length between perpendiculars
Number of fin pairs
Roll decay coefficient (ship without fins)
81/ (14+81), see Equation (5) for definition of 6I/1

Fin moment arm (about a longitudinal line through the
ship center of gravity)

Saturation multiplier
Wave-slope spectral coordinate

Unstabilized roll response

Mean ship draft
Modal (peak) period of wave-height spectrum

Unstabilized roll transfer function

Ship speed
Fin angle (amplitude)

Fin limit angle

Fin limit velocity
Ship displacement weight

Wave amplitude

Significant wave height

Tuning factor, wE/w¢

Wavelength

Ship heading, with respect to the ship, of predominant
wave direction
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Subscripts
fLen
sc

TABLE 10 (Continued)

Wave direction, with respect to the ship, apart from
the predominant direction

Density of seawater

Stabllized root mean square roll angle
Root mean square fin angle

Root mean square fin velocity
Stabilized roll angle amplitude
Unstabilized roll angle amplitude

Roll reduction factor

Wave frequency

Frequency of wave encounter
Ship natural roll frequency

Frequency above which roll response is negligible,
2 radians/second

Long-crested
Short-crested
Stabilized

Unstabilized

N .
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FINCON PROGRAM FLOW
1/0
Initlialize
Calculate cos” values
— DO 700 (Sea Conditlons)
Calculate 2-Parsm, Wave Slope Spectrum
— DO 600 (Ship Speed)
D0 500 (Predominant Wave Direction)

s

Initialize
80 Next unstabilized roll damping value
— DO 400 (Spreading Angle)  —
— Initialize
K D0 200 (Wave Frequency)
4 Initialize
< (3] Calculate values dependent on wave frequency ;€
‘ A a ] Calculate unstablilized roll transfer function “
S Calculate unstabilized roll spectrum (long crested only) °
¥ " ® o
1 ¢l %= 200 End-of-Loop =
3 = Calculate unstabilized RMS roll -
; ~ If no iteration, store long crested roll values o
; — 400 End-of-Loop :
3 Sum short crested components 5
k {teration over roll damping required? =

No - go to step 250

Yes = if number of attempts > 10, write message and go to step 900
- if closed go to step 250
- otherwise perform iteration procedure

and go to step 80 —

If requested, output long crested spectrum and its components

250 If stabilized roll calculations not required go to step 500

— DO 280 (Stabilizing Cases)

B
o
> o
= — s
-g ?’» s 80* Next stabilized roll damping value
5l & ¢ B D0 400* (spreading Angle)
£ ol 2 DO 200* (Wave Frequency)
i ] o e Initialize
4 - ] € > Calculate effective 1ift curve slope
H L2 £ s ¢ Calculate fin to roll angle amplitude
. § 22 Calculate roll reduction factor
H o =9 Calculate stabilized roll, fin motion, and fin
& w velocity spectra

200* End~-of-Loop
Calculate stabilized roll, roll rate, fin angle, and fin
velocity
If no iteration, store long crested roll values
Sum Short crested components, if requested
~ 400* End~of-Loop
tteration over roll damping required? ;
No = go to 250% 3
Yes = |f number of attempts > 10, write message and go to
step 900 |
= If closed go to step 250%
= Otherwise perform iteration procedure and
go to step 80*
250*% No (further) damping {teration required
L 280 End=-of-Loop
4 i - 500 End-of-Loop
E: 4 Output results
3 | - 600 End-of=Loop
g 700 End~of=Loop
3 900 End of run message

(Spreading Angle)

(Stabilized Roll, Fin, Fin Velocity)

TS e

Note: RMS = root mean square.

Figure 3 - Diagram of Program Flow Sequence
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APPENDIX B
PROGRAM LISTING

A complete listing of FINCON is given on the subsequent pages. The
routines are listed in the order FINCON, ITREQ, BRWSSP, ALGRNG, FINSTAB, and
ERRF. BESSJ is a system routine and hence not given here. The listing,
made from an UPDATE file stored on a private disk pack, contains a unique
identification of each line of coding on the far right-hand side of the
pages. This identification first fdentifies the routine by a name (e.g.,
ROLL, TREQ, BWSS, ALGR, and FST) and then by a line number.

The FORTRAN is embedded with comment cards for identification of the
steps of the prediction procedure. Modifications can easily be made to
this source coding by inserting or deleting statements anywhere in the

routines via an "UPDATE" run of the program.




PROGRAM FINCON T/ 0PT=0 ROUND=®/ TRACE FIN 4,60060 14/726/79 $1.25.30

1 PRIGRAM FINCON (INPUT#S5$2,0UTPUT=512, TAPESS INFUT, TAPEGZOUTPUT, R0LL ?

2 TAPEL) ROLL ]

. ROLL »

®CNC 6700 = - = MARCH, 1976 = ~ - OTNSROC - - ~ CODE 1568, SUSAN BALES  ROLL 5

s % J, R. TUCKER, = - AUGUST, 1979 ~ - CHI ASSOCIATES, INC., ROSLYN, VA. ROLL 5

*FORTRAN PROGRAM T0 PREDICT ROLL MOTION «oeoUNSTABILIZED NOTION PREDICTE ROLL r

SUSING THZ THEORY OF J, €. CONOLLY NODIFIED TO ALLOW FOR NONLINEAR ROLL [
' *0AMPING, STABILIZED WOTION PREDICTED USING COX AND LLOYD. ROLL 3 .
' . ROLL 10 t
s 10 C THIS VESION OF FINCON (TPSC78) WRITES YO PF THE SHORTCRESTED STA8. ROLL 11 H

: C OR UNSTAS. ROLL RESPONSES (RMS), THIS FILE IS DESIGNED YO BE POST ROLL 12
C FROCESSED FOR USE WITH THE POLAR PLOT PROGRAM. ROLL 13 1
€ ROLL e |
INTEGER SHAPE ¢ PARAB,ELLIP,RECTANG,SPECTRA ROLL 15 a
: 15 REAL KLoKLARIME oL o NURSMUR o MOUR ¢ LPRIME o LAM)L AMCNL oKL o KZoK3 oM ROLL 16 i
: SCMMON/ITRTN/STAT PRENGNTRY o KNULKNU oKV o GP o GEME , YO ,YP , YPPL o ROLL 17 ,
2 PHIN,IPRINT(8) 4 ITERATE,NPHI ROLL 18 "
. COMMON /5TAS/ NSTAB,H(10) sAREA(10),R(10)40OCLDBFS {10),HO (10}, ROLL 13 ‘;
3 2 HL010),H2(10) +H3CL0) JHL (104G (200 ,GVI10),K1L10) 4K20100,K3(10), ROLL 20 i
X! 20 2 A1(10),A2(10),A3010),81(10),82020),B3(10),DAMFU(13),DANPS(10,13}, ROLL 21 =

b 2 DUCK5,6),5SIGLECE10+13) NNUsTLC,ISCNELHD435), ROLL 22
- 2 SSIGVLC(10,13),SSIGVSCI10,13), ROLL 23 [3

2 SUR(40,35),M(i0)oNH,COSEE35), CONL4SSIGSC (10,130, ROLL 24 :

2 VFS(5),0ISPLB.GH o BMOTLC(10,43), ROLL 25 :

. 25 2 8YOTSC(10013),8VELSC (10,130, BVELLC(10,13),8STOP(5) 4 IVEL NAX (S ) ROLL 26
2 JNSAT,ITESTU1D,13) ROLL 2r 1
DIMENSION TITLE2(8) EKT(40) 0P (350 ¢S (L0)oSHHLI10Y, TOL10),UKLS), ROLL 28 ;
2 MUZL13) ,HUD (1 3) sNUR(3IS) . SINNU (35) ,COSNU 135) , STGSQSC (130, SIGSS (13) ROLL 29 ]
2,SIGLC (131 ,TR{40) ,MOUR(3S) ,BESSEL 1100) , SURVI0,35) ROLL 30 i

30 2 +SGVSOSC13) ¢ SIGYSC(13) 4 VHOUR(35) o SIGVLC (13} ,SHHET (10} ROLL 3t
DATA SPECTIA,ITERATN/THSPECTRASTHITERATN/ ROLL 32 13
DATA MUD/0425.304065:60475,90,105+120,135+,150,165,1307 ROLL 33 i
DATA PI,RH),GPAVITY/3,1815926,1499,32.1725/ ROLL 3 1
OASA PARAS,ZLLIPIRECTANGZ 10WPARAD +10HELLIP . ROLL 35 i
» 35 210HECTANG 7 ROLL 36 i
. DATA NW/40/ o NMUZ33/  JEPS/.0001/, WDEL/. 05/ ROLL 37 |
. ROLL 3 ;
SINPUT AND OUTPUT THE SEA AND SHIP CONDITIONS FOR UNSTABILIZED ROLL ROLL 39 ‘
SCALCULATIONS, ROLL .0 *
“0 . ROLL .1 :

REAN (5,1000) NAMEL,NAMZ2,NAMEZ ROLL [ T4

; WRLTE (6+2000) NAME1 NANE2, NANES ROLL o8

: READ  (5,1000) TITLE2 ROLL o

5 WRITE t6,2001) TITLEZ ROLL 5

! “s READ (5,1002) NWHNV,IUNTTS ROLL 5

; HRITE (1) NWH,NV ROLL (14

i READ  (5,1002) (SWHII) 1321 ,NHH) ROLL .

s . ROLL 49

s IF (TUNITS ,EQ, O) GO TO 5 ROLL 50

IS 50 WRITE (6430021 (SHMCT), Dzl ,NuH) ROLL 51

B GO 10 6 ROLL s?

; . ROLL 53

§ MWRITE (6,2002) (SHNII), Izt NWK) ROLL Se

6 CONTINUE ROLL 55

ss READ  (5,10029 (TOUI),Ing, Nu4) ROLL 56

A WRITE (€,2003) (TO(I),I=1,NWH} ROLL s7

READ 15,1002) (VKII) Izg NV} ROLL 58
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PROGRAM FINCON T4/T6 OPT=0 ROUND=®/ TRACE FTN &,6¢460

NRITE (€,2008) (VKLI) I=1,MV)
READ (5+1002) ODISPTONL 4T oGHoBMeTPHI o0

IF (IUNITS .EQ. Q) GO TO 7
MRITE (643006) OISPTONGL 4T ,GNoBNyTPHIQ
GO0 T0o 8

WRITE (6420060 OISPTONeL o T GM(8M,TPHIQ
CONT INVE
RFEAD (5,1000) SHAPE
MRITE (6,2005) SHAPE
READ (5,2006) ISC, ANGLE
IFIISC.EQ.0) GO TO 10
MRITE (€,2006) ANGLE
REAU (541006) ITERATE
STAY = 1.0
POCN = 0.0t
IF (ITERAYT: .GT. 0) MWRITE 16,2017)
IF (ITERATZ .EQ.0) READ (5,1002) (DUC(IVe1),IVsi,NV)
IF (ITERATE .€EQ.0) MWRITE (6,2016) (DUCUIVs13,1VEL,NYV)
IF (1ITERATE LEQ.0) 60 YO 20
HRITE (E,2007)
00 15 IVSi,NV
READ(5,1002) (OUC(IV,I),121,6)
WRITE(6,2009) VRLIV) ,tDUCIIV,I),1=1,6)
READ (5,1080) IPRINT
IFCUISCNE,0) o AND, (IPRINT (1), EQ.SPECTRAY) GO TO 22
IF (IPRINTE1) LEQ, SPECTRA) MRIVE (6,2018)
IF (IPRINTL2) .EQ. ITERATN) WRITE 16,2019)
60 T0 25
NRITE(6,2029)
G0 TO0 900

SINPUYT AND OQUTPUT CONDITIONS FOR FIN STABILIZED ROLL PREODICTIONS.
.

2s

20

29

30
35

.
SINIT

READ (5,10081) NSTAO

IF (NSTAB .LT¥. 1} GO YO 35

IF (NSTAB .GE. 1 AND., TUNITS .EQ. 0} MRITE (6,2026) NSTAB

IF (NSTAB .3E. 1 <AND, IUNITS .EQ. 1) WRITE (6,3026) NSTA®

00 28 Is1,NSTAS

READ (5,1006) MUI)LAREALINR(T)

READ (5+2002) DCLDBFSII) ¢ MOCI ) oHI(I Do H2(TIoHI(I) MG IT)

READ (5,1002) GKII),GVAII KI(I)oK2(I) (KI(I)

READ (5,1002) AL1(I),A2(I),A3(1),81(1),B2¢I)(B3(I)

NRITE (642025) T, ML) AREA(I) ¢RII)oOCLOBFSIIN HOCTI o HECTI H2(TN,
2 HII)oHO LTI o GKUT) yGVIT) oKL (T) oK2CTD oKIC(T) AL (I)oA(IDAS(I),
2 810 11,021 ,83(D)

READ (5,1008) NSAT

IF (NSAT.SQ.0) GO0 10 30

READ (5,1002) (OSTOPIIV) 4BVELNAXIIVI IV = 1,8V}

00 29 IV = L1,NV

IF (BVELMAK(IV) c€Q.0+0) BYELNAXIIV) = 10,°8STOP(IV) /TPHI
WRITE (6420280 (IV,BSTOP(IV) BVELHAXIIV) IV = 3 .N¥D
CINTINUE .

CINTINUVE

IALIZE.

L R Y TV A R

ROLL
ROLL
ROLL
ROLL
ROLL
ROLL
ROLL
RolLL
ROLL
ROLL
ROLL
ROLL
ROLL
ROLL
ROLL
ROLL
ROLL
ROLL
ROLL
ROLL
ROLL
ROLL
ROLL
ROLL
ROLL
ROLL
ROLL
ROLL
ROLL
ROLL
ROLL
ROLL
ROLL
ROLL
ROLL
ROLL
ROLL
ROLL
ROLL
ROLL
ROLL
ROLL
ROLL
ROLL
|OLL
ROLL
ROLL
ROLL
ROLL
ROLL
ROLL
ROLL
ROAL
ROLL

11726779 11.25.30
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POOGIAM FINCON Tw/76  OPT=) ROUND=®/ TRACE FIN 6,64060 11726779 $1.25.30
115 . ROLL 116
IF  (IUNITS .EQ. 0) GO ¥O 33 ROLL 117
. ROLL 110
M = 3,2808% ROLL 119
N0 356 I = L4NWNH ROLL 120
120 SWIET(I) = SWH(T) ROLL 121 i
SWHET) = SH4tTIsUM ROLL 122
3¢  CONTINUE ROLL 123
DISPTON = JISPTON®0.9862 ROLL 126
L= LeuM ROLL 128
125 Tz TeUM ROLL 126
GH = GMSUM rOLL 127
AW = gueyN ROLL 12¢ 1
> /ROLL 129
IF (NSTAQ (LT, 1} GO TO 38 ROLL 130
130 D0 37 I = 1,NSTAB ROLL 131
AREALT) = AREA(I)*10.7639 ROLL 132
RII) = R(IISYM ROLL 133
37 CONTINUE ROLL 13%
. ROLL 138
135 38 CONTINUE ROLL 136
. ROLL 137
WPHTI=2,%PI/TPHI ROLL 138
3 0ISPLE = 2240, * DISPTON ROLL 139
£ | N0 «0 IVziyNV ROLL 160 ;
160 w0 VFSUIV) = 1,6A768% VK(IV) ROLL 1ot
TEIML = 2.°PISGRAVITYAL ROLL 182
DO K0 INZ14NW ROLL 163
E: MLTWY=FLOAT (TMY *MQEL ROLL 1%h
R 60 FKTIIN) = EXP (=W(IN)®S2/GRAVITY * 1) ROLL 185 ;
3 1645 . ROLL 165 .
4 ®GENSRATE VALUES FOR COSINE SQUAREN SPREAODING OF WAVE ENERGY. ROLL 167
| . ROLL 168 3
. IF (ISC .E2. 0Y GC YO 75 ROLL 149 ;
. MA = (180.7ANGLE) /2. ROLL 158 1
150 CONL = 1,/4A ROLL 15t
NN = 2%IFIN(HA} = 1 ROLL 152
ILC = NNUZZ o £ ROLL 153
CONZ = PI/(2.%HA) ROLL 154
Jx ~IFIX(HA) ROLL 155
155 00 70 I=1,9NU ROLL 158
J3 31 ROLL 157
; P = 4 ROLL 158
i 73 COSL{I) = COS(P(IISCON2)®s2 ROLL 159
: 75 CONTINUE ROLL 160
160 . ROLL 164
*AEGIN LOJIP OVER $ZA CONDITIONS. ROLL 162
. ROLL 163
00 700 IWMz1,NWH ROLL 164
. ROLL 165
165 SCOMPUTE IRETSCHNEIOER 2-PARAMETER WAVE SLOPE SPECTRUNM, ROLL 165
; . ROLL 167
k- CALL ARNSS® (NNoSWRIINMI o TOCIMH) oWy S) ROLL 168 ]
- . ROLL 169 !
*BEGIN LOOP OVER S4IP. SPEED, ROLL 170
170 . ROLL 171 :
00 600 IVai,NV ROLL 172 i
‘ 4
f
i
Y o
o
3
; i
y p !
1 t
| ]
Al v
E 1 : W
¥ Y
38
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PROGRAM FINCON Te/T6  OPT20 ROUNDs %/ TRACE FIN 6. 60080 11726779 11.25.30
. ROLL 173
SBEGIN LOIP OVER SHIP WEAQING (MU), PREOONINANT MAVE DIRECTION. :ou. 1;:
. oLL 1
175 00 500 IMUs1,NHU ROLL 176
IF ((IV.EQ.1) AND. (IWH.EQ.1)) ROLL 177
2 MUR(IMU) = PT/180. ® FLOATIMUOIINGD)Y ROLL 176
OAYPY(IMY) = DUCIIV,3) [0LL 179
IF (ITERATE ,£Q.0) GO VI 9¢° ROLL 180
180 NTRY = ¢ ROLL 103
Y =z 0.0 ROLL 182
80 NTRY = NTRY ¢ 3 ROLL 163
X = vp ROLL 164
DAMPUCIMU) = OUC(TIV,e1) ¢ 1.64%DUCIIV,2)°X%80,772 ¢ 1.88°0UCCLIV,3 ROLL 108
18s 205X ¢ #,00%WCIIV,L)OX%92,0 ¢ 9,60°DUCIIV,5) *X*93,0 ¢ ROLL 186
2 26.0°DUCIIV,6)%X®%4,0 ROLL 17
90 SIGLC(INY) = SIGSASC(IMN = O, ROLL 188 :
SIGVLCIIMSY = SGVSQSCIINU) = 0. rOLL 169 y
. ROLL 198 ;
190 ®BZGIN LODP OVER SPREADING ANGLE (NU)Y. ROLL 191 :
. ROLL 192 i
S(FOR PURELY LONG CRESTEDO-CASE, NO. OF NU’S = 1, AND NU = WU.) ROLL 193 j
. ROLL 19%
IF CISC .E2, 0) NNU = ¢ ROLL 195
195 DO 400 INUZL,NNU ROLL 196
NURLINUD =9UR (TMU) #P (INU) *CON 2 ROLL 197
SINNUCINUY = STNINURCINUY)D ROLL 198
50 COSNUCINUY = COS(NUR(INUD) ROLL 199
. ROLL 200
: 200 ®BEGIN LOOP OVER AAVE FREQUENCY, ROLL 201
. ROLL 202
DO 200 IWsi,NW ROLL 203 3
KL = L ® WIINI®®Z & COSKUCINUY 7 (2. ® GRAVITY}) ROLL 20,
SINKL = SIV(KL) ROLL 208
- 205 COSKL = COSCKL? ROLL 208 :
WECIM, INUI=ABSINAIWI® (1, = W(IN) * VFSCIV) / GRAVITY o ROLL 207
2 COSNULINUIYD) ROLL 208
TUNE = WE(TW s INUD ZNPHI ROLL 209
BA = 2,°0AYPULINU) * TUNF ROLL 210 :
; 210 A2 1. = TINFOSTUNF ROLL 211 -
CA = SORTIA®A + BA®AA) ROLL 212 !
. ROLL 213 U
STEST FOR MATERPLANE SHARE, ROLL 216
s . ROLL 215 P
218 IF (SHAPE .EQ. ELLIP) GO VO 110 ROLL 218 i
IF (SMAPE .£Q. RECTANG) GO T2 120 ROLL 21? .
. ROLL 218 !
; SWATERPLANE IS PARMBOLIC, ROLL 219
. ROLL 220
{ 220 LPAINE = L ¢ ,5 ROLL 221
: IF (ASS(KL) .GT, EPS) GO VO 105 ROLL 222
: Faz g, ROLL 223
G= 0 rOLL 226 ;
g D= 1. ROLL 228 i
¥ 228 GO TO 127 ROLL 226
105 F = 3. * (SINKL = KL ® COSKL} / KL®®3 ROLL 227

G 3 1575, 7 KL®%7 ® {1, = 2, ® KL®%2 / 5.,) ® SINKL
2 =KL ® (1. =~ KL®%2 /7 15,0 ® 20SKL) ~ F

ROLL
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i PROGRAM FINCON 7e/7% OPTzg ROUNOs*/ TRACE FTN &,60060 11726779 11.25.30
: :
D= F eAN/ GH ®G ROLL 230
230 G0 TO 127 ROLL 231
. ROLL 232
: SWATERPLANE IS EL.IPTICAL., (OETERMINE THE ZEROTH AND FIRST RESSEL ROLL 233
i ' SFUNCTIONS OF KL.} ROLL 236
3 . ROLL 238
i 238 110 LPRINE = SOATE7, )76 * L ROLL 236
# IF (ABSIKL) «GT, EPS) GO TO 115 ROLL 237
Fsq, ROLL 238
G = Q. [0LL 239 :
’ 0= 3. ROLL 260
= 260 G0 TO 127 ROLL 261 ‘
115 CALL 9ESSJS (KL 40e¢1,8ESSEL) ROLL 262
F s 2, 7K * BESSEL(2) Q0LL 263 1
: Gz = A, 7/ KL®%2 % AESSELIL) ¢ (8o 7 WL®%2 = 3.} ® F ROLL 264
B O=F +84/7 GN * G /ROLL 245 ]
i 285 60 TO 127 ROLL 246
i . ROLL 267 :
SMATERPLANE IS RECTANGULAR. ROLL 248 i
. ROLL 269 !
f: 120 LPRINE = L ROLL 258
250 If (ABSIKL) +GT. EPS) GO TO 125 ROLL 251
3 D= 1. ROLL 252 ‘
G0 10 127 ROLL 253 !
i 125 D = SINKL 7 KL ROLL 256 .
3 127 CONTINUE ROLL 25%
| 235 KLPRIME = ,5 ® W(IWI®#2 7 GRAVITY ® LPRINE * (OSNULINU) ROLL 256
" C = SINIKLPRIME) / KLPRIME ROLL 257
Hz 0 = Q°C®TUNF®TUNF ROLL 258
.. . ROLL 259
3 SCOMPUTE 0LL TRANSFER FUNCTION, ROLL 260 -
260 . ROLL 261 i
4 TREINY = EXT(IND/CA®SINNUIINY) ®SORT (H®HeCOC*BASBAL ROLL 262 l
4 rOLL 263
SCOMPUTE R0LL SPESTRUM, ROLL 266 {
. ROLL 265 t
265 SURCINGINUIE SE{INISTRIIND *TRCINY ROLL 265 !
SURVIIN,INUD = SUR(IM,INUISHE CIW. INUISHE (IH, INUY ROLL 267 !
. ROLL 268 {
SEND OF LOOP OVER WAVE FREQUENCY, ROLL 209
. ROLL 270
270 200 CONTINVE ROLL 2 5
. ROLL 212 :
COETERMINE RMS ROLL VALUE, ROLL 273
. ROLL 27,
5 CALL ALGRNG (NW,¥,SUR(1,INU), MOURCINU)} ROLL 215
275 CALL ALGRNG (NM .M ¢ SURY (14 INUD , ¥MOUR CINY) } rOLL 278
& . ROLL F144
1 * IF REQUESTED COMPUTE LONG-CRESTED VALUES ROLL 278
;5 . ROLL 279
i IF (ISC «NE. 0) GO TO 390 ROLL 200
260 SIGLC(IMUY = SORT(MOURLINUY) ROLL 201 1
k. SIGVLCIIMJ) = SQRTIVMOUR (INJ)) ROLL 202
: . ROLL 283
1 * {F SEQUESTED, ITERATE OVER ROLL OAMPING FOR LONG-CREST CASE. ROLL 284
N . ROLL 203
3 285 IF (ITERATE +EQ. 0) GO TO 400 ROLL 206
@
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: PROGRAN FINCON T4/7Th  OPT=D ROUND=®/ TRACE FIN 6. 60450 11726779 13.25.30
: KWy = 1wy ROLL 207
KV = TV ROLL 208
KNG = INU ROLL 209 ;
SGVOHLC = SIGVLC(INU) /MPHI ROLL 298 9
2% PHIN = DANIY (INUD ROLL 291
CALL ITREQISGVOWLC)s RETURNS(80,400,900) ROLL 292
. ROLL 293
SBEGIN SUMMING OF SHORTCRESTED RESPONSE DATA. f0LL 29
. ROLL 29S
2% 380 SIGSASCIIMY) = SIGSASCIINU) ¢ COS1(INUISHOURIIN ROLL 296
SGVSCSCIIVY) = SGVYSQSCLINUY ¢ COS1{INUISYNIUR(INU ROLL 297
3 . /0LL 298
: SEND OF LOOP OVER NU. ROLL 299
3 M ROLL 308
30 400 CONTINUE ROLL 301
. ROLL 302
IF (ISC .EQ. 0) INU = 3 ROLL 303
IF (ISC +E2. 0) GO TO 210 ROLL 306
3 SIGSCINUY = SQRT(CONL®SIGSASC(INY)) ROLL 308
308 SIGVSC(INJ) = SARTICONL®SGYSASCIINUI Y ROLL 306
. SGVOMPH = STIGVSC{INUI/NPHI ROLL 307
! KMU= MU ROLL 30
g KW=ING ROLL 309
pt Kv=1v ROLL 310
: 310 IF (ITERATE LEQ. 0) 60 TO 250 ROLL 31
PHINZOAMPULT HUD ROLL 2 :
. CALL ITREA(SGVONPH) o RETURNS (89,250,908 ROLL s 1
$ . ROLL 3.
! SIF REQUESTED, PRINT LONGCRESTED SPECTRUM AND ITS COMPONENTS. ROLL s1s : ?
: 318 . ROLL 318
, 210 IF (IPRINT(1).NE.SPECTRA) 6O TO 258 *0LL nr o
? . ROLL 318 L3
2 IF (IUNITS .EQ. ) GO TO 231 ROLL 319 i
. ROLL 320 :
320 MRITE (6430100 TITLE2,SWMET(INH),TO (XN} WK (IV) ROLL 321 '
G0 10 232 ROLL 322 !
. ROLL 323
231 WRITE (€,2010) TVITLEZ,SWHCTHH)I s TOCIMN),VKILY) ROLL 324
232 CONTINUE rOLL 325
328 WRITE (642023) MUD(INU} ROLL 326
WRITE (6,20200 : ROLL 327
i D0 350 Iwsi,NW ROLL 328
i PER = 2,%PI/W(IM) f0LL 329
i LA = PERPERSGRAVITY/(2.%PT) ROLL 330
: 330 LAMONL = LaN/L RoOLL I3
f HN = 360.54(IN) *H(IND /(2. SPISGRAVITY) /OLL 332
t RAO=TREINISTR(TM) ROLL 333
: : SO = SUINI/ (UN®UND ROLL 33
% RAOD = WNSMNSRAO ROLL 338
E : 338 SIRD = SD * RAOD ROLL 136
3 WRITE (6420219 WOIW)ME(TN,INUD JLAN,LAMONL MN, TRIIWI 4RAO,SEIN)y  ROLL 337
' 2 SRIIN),  RAOD,SO.SURD ROLL 330
! 350 CONTINUE ROLL 339
WRITE (642022) SIGLCIIMY R0LL 30
A 380 . foLL g
% SIF REQUESTED, COMPUTE STABILIZEDO ROLL AND FIN WOTIO®S FOR THIS WL 362
: SPREDOMINANT MEAOING. woLL 303
i
1
i
: .
]
41
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PROGRAN FINCON 7T4/7¢  OPTs0 ROUND=®/ TRACE FIN 6. 60060 11720779 11.25. 38
. ROLL FTNY t
250 IF (NSTAB .LT. 1) GO TO 500 a0LL 368 !
' 345 DO 280 ISs1,NSTAR ROLL 306 i
CALL FINSTAB (IS), RETURNS (288,940 ROLL 37 :
280 CONTINUE /oLL 360 |
. ROLL 349 !
$END OF LOOP OVER PREDOMINANT WEAOING. ®OLL 3%
350 . ROLL 388
i 500 CONTINUE ROLL 382
E . ROLL 353
i SONLY LONGCRESTED ROLL VALUES ARE OUTPUT, ROLL 356
3 . ROLL 358
. 333 IF (IUNITS .EQ. 0) GO TO 502 ROLL 186
Z . ROLL 38?7
E WRITE (6430100 TITLEZ.SHNETIIUNIoTE(INH) (WK(IV) RoLL 358
* G0 70 S03 ROLL 359
. ROLL 368
360 502 WPITE(6,2010) TITLE2,SWHIMH) o TOLTHM) JVK(IV) ROLL 361
£03 CONTINUE ROLL 362
WRITE (1) TITLEZ . SNHIIWMY , TOCTHHD VK (TWH) ROLL 363
i IF (ISC «NZ. 0) GO YO S50 ROLL 36
B IF (ITERATZ .EQ. 0) WRITE(6,2030) 0LL 368
£ 365 WRITE(6,2031) ROLL 366
§ N0 S0S IMU = 1,NNU ROLL 36?7
4 505 WRITE(642016) NUD(INU),0ANPULINUD s SIGLC (IMY) ROLL 368
E: WRITZ(1) (SIGLCIIMUIJING = 2, NMU) ROLL 369
2 IF (NSTAB .£Q. 0) GO 70 600 ROLL e .
4 370 00 540 1 = 1,NSTAB ROLL 371
3 WRITZ16,2002) 1 ROLL 32
& DO 525 IMU = 1,NMU ROLL 373
E; 525 WRITE(6,2016) MUDCINUI,DAMPSIT,INU) SSIGLCIT, INUI JITEST(I,INU)e  ROLL 376
g 2 BMITLCIILTHU)I JBVELLC (I INUD ROLL k14
3 378 WRITE(1) (SSIGLCII,IMU), IMU = g,NNU) ROLL 376
E 540 CONTINUE ROLL 37
: IF (NSAT ,ZQ. 0) GO 70 600 ROLL 378
WRITE (6,2222) ROLL 379
GO Y0 600 ROLL 380
380 » ROLL 381
®ONLY SHORTCRESTED ROLL VALUES ARE OUTPUT ROLL 382
. ROLL 383
850 IF(ITERATE .EQ. 0) WRITE(6,2030) ROLL 384
MRITE(642013) ROLL 305
. 385 DO 555 INU s 1,NNU ROLL 388
: 85 WRITE(6,2014) MUDCIMUDOANPULINU) +SIGSC (TN ROLL 387
WRITECL) (SIGSCUINUI,IWM = 1,%MU) ROLL 388
IF (NSTAB .EQ. 0} GO TO 600 ROLL 389
00 590 I = 1,NSTAS ROLL 39
390 WRITE(6.2026) I ROLL 391
00 575 IMU = 1.NMU ROLL 392
575 WRITE(6,2016) MUD(INU)OANPSII,INU) ,SSIGSCIZINUI JITEST(I IMY,  ROLL 393
2 BMITSCIILIYU) ,BVELSCII,INU) ROLL 39%
: WMRITE(S) (SSIGSCII,INUIINU = 1,NNU) ROLL 398
§ 398 590 CONTINUE ROLL 398
; IF (NSAT .ZQ. 0) GO YO 600 roLL 397
WRITE16,2222) ROLL 398 J
t ROLL 399 i
SEND OF LOOP OVER SPEED. ROLL .00
3]
i
)
1
3 i
& L
Y H °
i 1

L
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PROGRAM FINCON Ta/TS 0Ptz ROUND=S/ TRACE FIN 4. 60000 11728779 11.25.38

(1) ] ROLL (1))
680 CONTINUE R/ROLL (1]
. ROLL »3
SEND OF LOOP OVER SEA CONDITION. ROLL (1 1)
. ROLL (3]
603 700 CONTINUE ROLL o806
900 WRITE (6,2019%) ROLL o7
. ROLL 600
STOP ROLL (Y1}
1000 FOIMAT (8ALD) ROLL (33 ]
h (31 ] 1001 FORMAY (1615) ROLL 611
b 3002 FORMAT (8F10.6) ROLL 612
Y 1006 FORMAT (I5,2F10.5.,A30) ROLL 613
5 2000 FORMAT (1N1,278/7) o45X02H" * ¢ ROLL NOTION PREDICTION PROGRAN ® ¢ ROLL [ 3 1)
3 2 $/77,%6X,3410) R/ROLL (33
4 [ 313 2001 FOIMAT (1H1,8A107/4) ROLL 616
E@ 2002 FORMAT (1N, ®*SIGNIFICANTY MAVE NEIGHMT(S) (FEET) =%,5X, 18F7.2% fOLL o7
2003 FOIMAT (1X.*HMODAL MAVE PERIOD(S) (SECONDS) = ,0X,10F7.2/7) ROLL [ 31 )
2004 FORYATI/Z1X.COISPLACENENT (L. TONS) =®46X,F7,.0/1X SLENGTH BETHEEN ROLL 619
2PP (FEET) sCLaN FT.L/LN,CORAFT (FEET) s® 26X FT.271K,y ROLL o2
€20 2°TRANSVERSE METACENTRIC MEIGHT (FEET) =O2X F7,1/71X®HETACENTER ASOV ROLL 28
2€ BUOYANCY CENTER (FT) =%,1X¢F7,2/71%X,%ROLL PERIOD (SECONUSE =%,47X ROLL S22
20F7. 271X,y %Q 2%, 37U FT7. 3 ROLL 23
2005 FORMAY (1X,*HATERPLANE SHAPE =%,24X,A100 ROLL a2
2006 FORMAT (1X,®SPREADING ANGLE =*23X.F7.0/7) ROLL 425
g 25 2007 FOIMATILIX, L LOMNDANPING INPUT IN THE FORM N = CL ¢ 1,61°C207*%9,7 ROLL 26
3 272 % 1.88°C3%Y ¢ 4,00°CAOY®S2 o 9,40°CS°V®3 ¢ 24,000C6%Y %/ ROLL (Y14
2% SPEED (KNITS)® ,uXe%CL%: 7TUPC2%,7Ao%CI%, T, CH®, TN, *C5%,TX,%06%) ROLL 28
; . 2000 FORMAY (1X,*SHIP SPEEDIS) (IRXNOTS) =%,19X,5FS.1/) ROLL 29
1 2009 FORMAT (LXoFS ol ¢2Xe6 (2N FTo0)) ROLL &30
d »30 2010 FORMAT (1M1,8A10771N*SIGNIFICANT WAVE NEIGNT =%F7,2,° FEET® ROLL 31
- 2 7 1x *MODA ROLL .32
2L MWAVE PERLIQ =5F7,.2¢ SECONOS®/4XOSNIP SPEED a* FS,1,% XNOTS*)H ROLL 833
2011 FOIMAT (//71%,*UNSTABILIZED RYS ROLL (OEGREES)S/LX,*HEADINGO7X*LC* ROLL 36
2 8Xy*SC*/) |KOLL 433
»3s 2012 FORMAT (I601Xo2F100202KeA1015X,2F10.2,12X,2F20.2) ROLL 438
2013 FORMAT (/71X ,UNSTABILIZED RYS ROLL (OEGREESI®/ 1X,*HEADING® 8Xs ROLL o37
2 *Ne3YSSCe/) ROLL o358
2016 FORMAT (160X F10s0oF100292%X0A01:25X,F1062,22%,F16.2) L { 8§ 39
2015 FOIMAT (1H1,270/7)+57XelTH® 8 ¢ E N D & & &) ROLL &80
(17 ] 201€ FORIMAT (1Xy,®"ROLL DAMPING COEFFICIENT(S) =%,13X5F5.37/7/) ROLL (128
' 2017 FORMAY (1X,*ITERATION OVER ROLL DAMPING WILL OC OONE.*/) ROLL e
! 2088 FONAT (//1X,*LONGCRESTED SPECTRA AND CONPONENTS WILL OE PRINTED. l&l:l. “:
V 2%) ROLL o8
‘ 2019 FORMAT (/7/i1X,*INYERMEOIATE STEPS IN ROLL DAMPING ITERATION WILL O ROLL [T 1]
i (Y37 2€E PAINTEQ.*) ROLL [ 10
1 2020 FOIMAT (/7/7IN 4PN, 8%, PHE® ¢ TN *LAN® 45Xy SLAM/ZL®, 9N OKS 0Ky ROLL o’ 3
! 2 STA® 7N "RAD® 44X, %0 SL S%4 7Ky *SUR®, IX,"RAC OIN®,4K,%0 KT S, 3%, ROLL (11)
2 SSUR DINS/ 3N, *RAD/SEC®3IX *RAD/SECTSX*FT%,17%,%0CG*,3X,*DEC/0EC ROLL 69
2 DES/DEG SQ DEGSQ SECPAX.®DEGSQ SEC®1X.®OEC/FT SQ®LK,*FTSQ SECOLK ROLL (L1}
.50 2 *0EGSO SEC®) ROLL 451
F 2021 FORMAT (12F10.3) ROLL ase
Fi 2022 FORMAT (//1X,®RNS ROLL =°F7,2% DEGREES®) ROLL 4353
. 2023 FORMAT (/771X *SHIP HEADING =*13® OEGREES®) ROLL oS4
2024 FORMAT (/7/71X,°ROLL STABILIZATION WILL 7€ CALCULATED FOR *I3 ROLL 53
(11} 2 ® CASES®//7 1X ®FIN AND CONTROL SYSTEM PARANETERS ARE AS FOLLOMNSS® ROLL (3 1]

- 2 /7% CASE® 2X Su® &X ®A% 5X R (DCL/OBIFS® oX SNE® &X *H1® X ROLL (314
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(11 ]

465

470

(Y47

LLL

490

PROGRAM FINCOMN

2

2

2
2¢
2026

2027

nNN NN

2029
2
2029

Tu/Te 0PT=0 ROUND=®/ TRACE FIN 4,60660 11726779 11.25.30

SHZS WX SHIT LY PHLP 4X SGK® X PLVE 4X FX1S AX OK2® WX *KI® 6N

SAL® 4N SAZS N SA3T 4X S01° X ®82° LX FA3%F /718X SFY SQ% X OFTe

WX ®PER DES®/)

FORMAT (I50I34F7.24F642¢F12.3416F6.3)

FOIMAT (//1X ¢ ®CASE®I3Z*t STAQILIZED R4S ROLL (DEGREES)®

10X+ *FIN WOTION (DEGREES)I® 30X SFIN VELOCITY (DEGREES/SECOND) %/

LXy SHEADING® BX SN® BX *SC® J6A®SC® 30X *SC*/)

FORMAY (//1X,*CASE®13,%% STAGILIZED R4S ROLL (OEGREES)I®

10X, #*FIN MITION (DEGREES)® 10X °FIN VELOCITY (DEGRESS/SECOND) */
ANy *HTADING® 7X SLC® 8X SSC® 27X SLC*® X °SC® 19X ®LC* X *S0%/)
FIRMAT (/75X 2IVoSX,%STOP*5 X, *BVELNAX®/,
(17:2XeF10e5+2X,F10.5,7))

FORMAT(//710, MO SPECTRA OUTPUT ALLOWED IN SHORTCRESTED CASE. REV

2ISE YOUR IN°UT OATA,®)

2030
2031

FORMAT(//71¢+ *ITERATION DVER ROLL~-DANPING NOT PERFORNEN,*)
FORMAT (/71X *UNSTABILIZED RMS ROLL (DEGREESIS/71X SHEADING®, 8X

2 ON®,8X,%LC*/)

2032
2
2

2222

3002
3004

FOIMATL//71%9 *CASE®LI3 %0 STADILIZED RMS ROLL (DEGREES?®

10X *FIN MOTION (OEGREES)®+10X,°FIN VELOCITY (DEGREES/SECOND) */
1X, ®*HEADING® B8X ®N® 8X °LC® 36X SLC* 30X *LC®/)

FORMAY (/710 36H® SATURATION FACTOR IS INSIGNIFICANT)

FOIMAT (1Xo*SIGNIFICANT WAVE HEIGHT(S) (METERS) =%,3X,10F7.2)
FORMATL/71X,*DISPLACEMENT (M. TONS) =%23X,F7.0/1X CLENGTH BETJEEN

2PP (METERS) = 16X4F7.1710,*DRAFT (METERS) =% 26X,F7.2/1X,

28 TRANSVERSE METACENTRIC HEIGHT (METERS) =% F7.1/74X*MFTACENTER A8
20VE AUOYANCY CENTER (M) 20 ,LXoFT.2/1X¢*0LL PERIOD (SECONDS) =9,
289X, F7,271%, %0 23,30X,F7.3)

3010
2

FORMAT (1H148A10//72X 4 SIGNIFTICANT MAVE MEIGHT s%F7,2,% METERS®
/71X *HO0A

2L WAVE PERII0 =*F7.2% SECONDS®/71iXSSHIP SPEED = FS5,1+°% KNOTS®)

3024

NNNMNN

FOYIMAT (//1%¢*ROLL STABILIZATION WILL 9E CALCULATED FOR 13

S CASES®/7 A1X ®FIN AND CONTROL SYSTEM PARAMETERS ARE AS FOLLOWS:®
/7% CASE® 2X *M® 4X *A® 7x %R (DCL/OBIFS® &X *HO® BX ®N1® &K
SHZ® LX THI® 4X PHL® LX SGK® LX SGVS LX SK1® 4X SK2% &X #K3I® 4X
SAL® X BAZ® &LX PA3S 4X *81° 4X %92° X *B3° /11X *4 SQ° SK °M ¢
3X *PER DE3Z*/)

END

ROLL
ROLL
ROLL
ROLL
ROLL
ROLL
ROLL
ROLL
ROLL
ROLL
R/ROLL
ROLL
ROLL
ROLL
ROLL
ROLL
ROLL
ROLL
ROLL
ROLL
ROLL
ROLL
ROLL
ROLL
ROLL
ROLL
ROLL
ROLL
ROLL
ROLL
ROLL
ROLL
ROLL
ROLL
ROLL
ROLL
ROLL

50
59
460
461
062
463
(113
65
666
.67
68
069
678
L3141
“r2
673
(340
(241
.76
L 144
o8
479
«80
.01
482
483
(113
(11]
[11]
(Y14
488
689
«90
491
.92
493
(] 1

o et B -
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SUBROUTINE ITREQ 74/7%  OPTs0 ROUNDS®/ TRACE FTN 064460 11726779 11.25.30 4
1 SUBROUTING ITREQ(SIG).RETURNS (A,8,C) TREQ 2 l
COMMONZITRIN/STAT PRCNGNTRY, MU TNUs IV o GPoGPNL, VPN, YO, YPPL, TREQ 3 :
2 PHIN,IPRINT(8), ITERATE,HPHI TREQ .
DATA IVERATN/?HITERATN/ TReQ s
s IF (NTRY.57.10) WRITEL6,4998) TREQ L3
IF (NTRY .GT, 10) RETURN C REQ r
IFC(IPRINT(2) .EQ.ITERATN) .AND, (INU .EQ. 1) +AND. (NTRY.EQ+1)) TREQ . j
‘ 2 WRITE(6,0101) TREQ ’ i
: 6® = STATeSIG TREQ 10 »
10 IF (IPRINT(2) .EQ. ITERATH) WRITE(6,81000IV,INI NTRY,PHIN,YPPL, TREQ 11
2 YPLYPNLGP.GPHY ™EQ 12
IF (GP LY. .01) REVURN 8 TmEQ 13
IF (NTRY .EQ, 8 60 VO 20 TREQ 16
* IF (ABS(L = GP/YP) .LE. PRCN) RETURN 3 TREQ 18
4 18 YPPL = (GOM1SYP « GPSYPNL)/((YP ~ YPNL) = (GP = GPN1)) TREQ 16
: vwuy s P TREQ 1
GPML = GP REQ 18
YP = YPPY TREQ 19
IF (IPRINT(2) .€O. ITERATN) WRITE(G,0108)IV,INU NTRY,PHIN,YPPL, TREQ 20
20 2 YD ,YPN1,6P,GPNY TREQ 21
RETURN A TREQ 22
20 GPYg = GP TREQ 23
YoMt = 0.9 TREQ 26
¥> = 6P/2.0 T™®REQ 25
25 IF (IPRINT(2) .EQ. ITERATN) WRITE(6,01000IV,INU.NTRY,PHIN,YPPL, TREQ 2
. 2 YP,YPM1,6°,GPNY TREQ 2r
RETURN A TREQ 2
4S98 FOIMATIIN ® = = - = = PROGRAM svo»en JECAUSE ROLL FATLED TO COMYV TREQ 29
2ERGE WITHMIN 10 ITERATIONS = = = = = TREQ 3
30 8108 FORMATI1X,315,6F10.3) TReEQ 31
8101 FORMATE//oSKoSTV® (3N STHU® 12K o *NTRY®, LN SPHIN® ,6X,9 VP81, 71,0 ¥YP*  TREQ 32
207X, SYP=10,7K 4 5GP® TR 6P =1%/) TREQ ss '
€ND TREQ 7 a
k<
1} : i
b :
B
. i
{
I
{
Q 4
y
§
1 ]
H :
: 45 ‘
S
. oy
«u PO e -

LT Ty WY

SR L o




3
*

4

SUBROUTINE BRWSSP T/ OPT=d ROUND=®/ TRACE FTN 4.60060

10

15

20

25

SUBROUTINE BRMSSP (NeSICHH.THODAL oW ,S)

11726779 11.25.30

Ceszszzamss s »

COMPUTES BRETSCHNEIOER WAVE SLOPE SPECTRUN

REAL X

OIMENSION 4(N), S{N)

DATA AoBoPlo6 /7007.0626¢ 190, 2004,3.1015927,32,172%/
c ( THODAL = 2,76 * SIGWN®® .5 )

THOOALSY = THODAL®®s

CE233TZT I TARLNERLESS

c FOR PIERSON-MOSKOWITZ SPECTRA -~ THONAL®®4 = $8.0936 * SIGuN®s?

CONL = A ® SIGUN®®2 7 THOOMLG
CONZ = B 7 THODALS

D0 10 I=1.,N

Ny = W(I)®%

N5 = WIID * W

ARG = CON2 /7 W&

IF (ARG .GT. 500.) SC(I) = 0
IF (ARG .GT. 500.) 60 TO 10

Ce*3333BTSITSTETSRIESES
c BRETSCHNEIDER WAVE MEIGHT SPECTRUW
SII) = CONL/WS * EXP(-ARG)

Cszssxssss sas
c MAVE NUMBER IM DEGREES
K = 360.°HIIVOUCID /7 (2.°P1%)

Csxas = ses
4 BRETSCHNEIIER WMAVE SLOPE SPECTRUM
S(I) = Ko * S(I)
10 CONTINUVE
RETURN
ENO

uss
8uss
BuSS
8usSS
uss
Suss
suss
ouss
ouss
ouss
euss
8usS
suss
ouss
ouss
suss
suss
ouss
ussS
suss
BuSS
euss
8ussS
WSS
anss
WSS
8uss
auss
uss
ouss

T A A
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SUBROUTINE ALGANG Te/76  OPT=) ROUND=®*/ TRACE

5 10

1%

20

25

(1]

(2]

T

53

A
4

R o

T i o e g < o i s e

FTN 4,60060

11726779  11.25.38

ALGR

Cee====VERSION 3 = COC 6700 - AL G R NG = JANUARY, 19T4=ccccen== ALGR

G

c

.

STHIS SUBROUTINE SOMPUTES THE AREA UNDER THE CURVE FOR A PARTICULAR

« BALES
SUSROUTINE ALGRNG (NoMeSeAREA)

ALGR
ALGR
ALGR
ALGR
ALGR

SSPECTRUM, AN ODD NUMBER OF POINTS (FREQUENCIES) SHOWLD 3 USED.~e-==== ALGR
L

A
Coeee=aSEARCH FOR SPECTRAL CLOSURE

c

INTEGER ERROR

ODINENSION 4(N),StM?
DATA 1ITAG/0/

DATA EPS/0.00000080801/

ERROR = 10

IF (ERROR .€Q., 10) ITAGC = @
ERRIR=0

HO=NIL)-,03

AREAD = 0.3°S(1)% (M1g) -u0)
MN=N=-2
AREA=0.

TEMP = Q.

ARZAZ = ARZA3 = 0.

MOMEGA =  4OD(N,2)
00 20 Mx1,MN,2
AsH(Ne2) = ()
BN Me2)=N(veL)
CaMiMeld ~uiY)

PAREA = A®A/6.%(SIN)®(3.%CoA) /EASC) ¢S(1+1)%A/ (B%C)e
2 SINe2)%(2.%A=3,.°%Ch/tA%8))

TENP = PARZA

IF (PAREA .LT. 0.) TEWP = 0,

AREA = AREL ¢ TEwWP

IF (PAREA .GE. 0.) GO YO 20
IF(-PAREAGT.0,10%AREA) ERROR= 1

CONTINUVE

PAREA = 0.

If CAREA ..E. 0.080010) GO YO 108

ALGR
ALGR
ALGR
ALGR
ALGR
ALGR
ALGR
ALGR
ALGR
ALGR
ALGR
ALGR
ALGR
ALGR
ALGR
ALGR
ALGR
ALGR

ALGR'

ALGR
ALGR
ALGR
ALGR
ALGR
ALGR
aLeR
ALGR
ALGR
ALGR
ALGR
ALGR

TEWP = 0,

SHAX = S(1)

ITEST = 1

00 30 I=2,N

IF (S(I) GT. SMAX) Smax = S(I)

X10PRCN = 0, 210°SHAX

ITEST » ITIST ot

IF (ITEST .EQ, 2) J=g

IF (ITEST EQ. 3) J=N

IF CISHAX=S(JI) JLE, EPS )} ERROR = ITESY
IFCCERROR LEQ. 2) +OR. (ERROR .€Q.3)) IVAG = 1

IFUIERROR «EQe¢ 2) «AND. (ITEST £Q0. 2)) TENP=AREACAREAD

IFCCERROR ,EQ, 2) «AND. (ITEST +EQe 2)) AREASTENP
IF (S0J) 3T. X1OPRCN) ERROR = ITEST ¢ 2

IF (IERROR ,GT, 0) ,AND. (ITAG +EQ.0)) ITAG = 1
IF ((J +EGs N} AND, (ERROR.EQ. &)} 6O TO 107

47

ALGR
ALGR
ALGR
ALGR
ALGR
ALGR
ALGR
ALGR
ALGR
ALGR
ALGR
ALGR
ALGR
ALGR
ALGR
MER
MR
AGR

5 il i i e <1




SUBROUTINE ALGRNG Te/76 OPTs0 ROUND=*/ TRACE FIN 460068 11726779 15.25.30

IF €4 +EQs N) .AND. (ERROR ,LV. 53) 6O TO 108 ALGR 59
IF ({ERROR +EQ.4) OR. (ERROR .EQ. 50160 TO &8 ALGR (1
60 IF (ITEST LY. 3) GO VO 50 ALGR o1
60 70 108 ALGR 62
C ALGR 63
Came-==DRAW A STRAIGHT LINE THRU FIRSY (LASY) THO SPECTRAL VALUES ALGR [ 1)
Coe====TQ THE ABSSISSA AND ADD ON AREA FOR CLOSURE AT LON INIGM} ALGR 65
6% Goees==FREQUENCY INO. ALGR 66
c ALGR [14
60 IF ((ERROR.EQ.S) «+AND. (S¢J).6E. StJ~1)1)GO TO 75 ALGR (1]
IF ((ERROR.EQ.4) .AND. (S(1).GE. S12 1)160 TO 30 ALGR 69 §
IF (ERROR EQ. &) J=2 ALGR 70 i
70 IF (ERROR EQ. 5) J=N ALGR [4) i
SLOPE = (StJ=1) = SIJIN/(NEI=-2t} - WLUN ALGR 144 1
IFISLOPE JLE.0.) GO YO 7D ALGR 73 j
SLOPE = AMINAL(~SLOPE,=1.0} ALGR 14]
706 IF (J JEQ. 2) J =1 ALGR rs
14 ] ANEM = =0.5 ® S(JI®92 /7 SLOPE ALGR 76
IF (ERROR +EQ. &) AREA2 = AMINL(AREAG,ANEW) ALGR 144
IF (ERROR .EQ. 5) AREA3 = ANEW ALGR 70
75 TEMP =z AREA ¢ AREA2 ¢ AREAS ALGR 79
IF 1) +LY, N) GO YO S0 aLGR [ 1]
80 107 TEMP = AREN & AREAZ ¢ AREA3 ALGR (3%
AREA = TEW® ALGR 62
108 RETURN ALGR .3
c ALGR [ 1] . 4
END ALGR [ 1] 4
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SUBROYTING FINSTAR T4/7%  OPY=( ROUND=®/ TRACE FIN 460460 11726779 11.25,30
1 SUBROUTINE FINSTAB (IS), RETURNS (AAA,388) ::; ;
L]
SSUBROUTINE TO PRIDICY STARILIZED (FIN) ROLL MOVION USING CONOLLY AND (43 [3
*COX., (£ ]
5 . (£ 5
REAL MMoKKL o KK2oKK3IoKRyKT KLy K24K3 FSY 1 4
3 COMMON/ITRFN/STATJPRENGNTRY THUGKNU, IV, GPoGPNL , YPNL , VP, VPP, (43 ]
e 2 PHIN,IPRINT(8) ,ITERATE,MPHT (414 9 i
| COMMON /STA3/ NSTAB.MI109 ¢AREAC10) RC10) ,OCLOEFS (100 4HEL10), FST 10 3
10 2 HL0 209 oH2010) oH3(10) oHuT210)4GKEL0D oGVIL0) oKLC10) ,XK2(100,X3¢100s FSY 11
2 A30100402020) 4A3(100,81€10)9,320100,83¢10),0AMPULI13),0ANPS(30+138)¢ FST 12
2 OUC(5.6)¢SSIGLCI10,13),NNUSILC,ISC,NE (60,350, (234 13
2 SSIGVLC(10413),SSIGVSCI20.13), (133 16
: 2 SUR(LD¢35)eM (40D NHsCOSL1(35), CONL,SSIGSC(10+13), FSTY 15
¥ 15 2 VFS(5),01S3LB,GH , SMOTLC (10,130, FST 16 ;
4 2 BY0TSC20,1394AVELSCU10+13),BVELLC(10+13)48STOP(S) o BVELNAX(S) FSY 134 3
A 2 GNSATLITEST(10.13) FST 18 1
DIMENSION SMOUR (35D ¢SSULR0 35D o FINM L0350 FINVIL0,35)BNOURE3S), FST 19 3
2 BYMOUR(3S),SSVIk0,35),SVMOUR (3S) FST 28 3
. 20 DATA RHO/1.997 o PI/3.,14159267 FSY 21 ;
. FST 22
i SINIVIALIZE,. FST 23 k.
3 . FSY 26 g
4 nals ST 25
! 25 LL Y T{}] FST 26
ARREASAREAIN) FST 27
; RR=z R (M) FST 28 9
) - 003L0AF=OCLOBFS N FSY 29 1
- HHO=HO (N) FST 30 3
i 30 HHL=HL IN) FSY 3 §
MHZ=H2(N) FST 32 3
HH3=H3 (N} (234 33 3
. HH =M (N) FST 36 3
GEX=GKIN) FSt 35
35 GGV=GV(N) ST 36
KK =K1 (N} st 37 3
KK2=K2 (N} FS? 38 E
KK3=(3{N) FST 39
AALZALIN) FST .0
o0 AR22A2(N) FST (%3
AAZZAZ(NY ) FST .2
881291 (N) ST 3
882282(N) FST (1Y
883283 (N) FST (1]
45 CONI=RHOSVFS { IV *VFS LIV) *MN®AAREASRR/ (DI SPLB®GH) FST (Y
SSM = 1,0 FST (%4
1S0K = ¢ FST Y]
75  DAMPSIN.INUI = DUCIIV,1) FST 4“9
IF (ITERATE .€Q. 0) GO TO 90 FSY L 1]
L1 ] NTRY = @ FSY $1
YP = 0.0 FSY L 13
80  NTRY = NYRY ¢ 1 FSt ss
X= vP (L34 L1}
DAMPSIN,IYU) = DUCIIV,1)¢1.51°0UCIIV,2)OX*SQ, 772 ¢ 1.88°DUCLIV,3 FST ss
; (1] 205X ¢ #o00%JUCIIVLI®NSS2,0 ¢ S 40°DUC(IV,5)oX933,0 ¢ FST 6
! 2 20,0%0UCLIV,6)5X%%,0 FST (14

90 PHIS = SSIGVLCIN,IMU) = SSIGYSRIN,IMU) = 8. FST 1 1]
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SUBROUTINE FINSTAB T6/76 OPT=0 ROUNO=*/ TRACE FIN &,60460

BMOTSCIN.INUDI 2BVELSC (N, IHUI=BHOTLC{N, INUISBVELLCIN,INU) = §,
.
®BEGIN LOOP OVER SPREADING ANGLE (NU)Y.
.

IF (ISC +E2 0) NNU = 1
D0 #00 INU = 1 ,NNU
.

®BEGIN LOOP OVER WAVE FREQUENCY.
.

00 200 Iw=i,NW

WHE=WE (IM,INU)

HESQ=WHE*WHE

TUNF = NE(IM, INU) /NPHI

BA = 2,°DAMPU(IMU)STUNF

A= 3. «~ TINFOTUNF

CA = SQRTIA®A » BASBA)
»

SCOMPUTE EFFECTIVE LIFT CURVE SLOPE.
L d

OCLOBE = H40 ¢ HMMI*WNE ¢+ HH2°WESQ ¢+ HH3I®WESQOWNE ¢ HMAWSUESQ*MESQ
DCLOBE = DCLOBE®DOCLOBF®180./3.1615926

.
SCOMPUTE AMPLITUDZ OF FIN ANGLE TO STABILIZED ROLL.
.

KR = XK1 - WESQ®KK3

K] = WNE®KC2

B8R = 881 - WESQ*BN3

81 = WNE®B32

CONGSKROKR ¢ KI®KI

CONS = BR®*3R + BI®Bl

BAONS = GGK®GGY *SQRT(COMG/CONS)

AR = AAL = MESQ®AA3
Al = WNESAA2

B3 = 2.%0AYPS (N, INMU) S TUNF

CS = SQRT(A®A + B8S°*DS)

CONG = AR®BR - AI®Bl

CON7 = AR®3L o AI®BR

CONS = AR®AR + AI®AL

SAONCSP = SSM®CON3I®DCLOBE®BAONS/ (CS*SQRY (CONESD)

COSKST = (KROCON6 ¢ KI®CON7) /SQRT (CONGSCONS® (NS)
SINKSI = (KI®CON6 = KRPCON7)/SQRT(CONA®CONG®CONS)

SCOMPUTE ROLL REDUCTION FACTOR FOR THIS FREQUENCY,
.

SONU = CA/CS/SQRT(1,42,*SAONCSP*((ASCOSKSI¢
2 BS®SINKSII/CS)¢SAONCSP*SAONCSP)
.

SCOWFUTE STABILIZED ROLL o FIN MOTION, AND FIN VELOCITY SPECTRA,
.

SSUCIM,INUY = SUR(IN,INU) * SONU * SONU
SSVIIN,INJ) = SSUCIN,INU)SHESQ

FINWCINGINUD = SSUCIN,INU} ® DAONS * BAONS /7 CONS
FINVIIW.INIY = FINNCIW,INUD ® NESQ

11726779

FSTY
FSY
Fst
FST
FSY
FSY
FSY
FSY
FST
FST
FSY
FSTY
FST
FST
FSY
FST
FST
FSY
FSY
FSVT
FSY
FST
FSTY
FSY
FSY
FSTY
FSY
FS?
FSY
FSY
FST
FSY
FSY
FSY
FSY
FSY
FST
FSY
FSY
FSY
FST
FSY
FSY
FSTY
FSY
FSY
FSTY
FSY
FSY
FST
FST
FSTY
FST
FST
FST
FSY
FSTY

11.25.30
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SUBROUTINE FINSTAB Te/Te OPY=0 ROUND=*/ TRACE FTIN bo60060 11726779 11.25.30

115 SENDO OF LOOP OVER MAVE FREQUENCY, FSY 116
. FST 117
200 CONTINUE FST 118
. FST 119
SOETERMINE RHS ROLL, FIN NOYIOM, AND FIN VELOCITY VALUES. FST l:.
. FSY 121
CALL ALGRNS (NWoWs SSU(14INUIe SHOURLINUND FST 122

CALL ALGRNG (NN M, SSV(1,INU), SYNOUR LINU) FST 123

CALL ALGRNG (NW,MoFINNLL, INUD o BHOUR (TN} ) FSY 126

CALL ALGRNG (NN WFINVIL,INUD . BYNSURLINUYD) FSTY I:S

. FSTY 126
SSTORE LONGCRESTED VALUES (NG ITERATION OVER ROLL DAMPING IS DONE). FSTY 127
. FST 128
IF (ISC «NZ. 0) GO 70 210 FSY 129
SSIGLCIN,IMU) = SQRTISMOUR(INU)D) FSY 138
SSIGVLC (N INUI =SORT(SWOURIINUY ) FSY 131
BMOTLC(N,I4U) = SORT (ONBUR(INUY) FSY 132
BYELLC(N.IMU} = SARTISYNGURLINGY) FSY 133

IF (ITERATE .€Q. 0) GO TO 00 FST 136
SSGVWLC = SSIGVLCN.IN 7uPHL FST 135

PHIN = DAMPS (N, INU) FSY 136

CALL ITREQ(SSGVMLC), RETURNS(80,600,900) FSTY 137

4 FST 138
SBEGIN SUMMING OF SHORTCRESTED RESPONSE OATA. FST 139
. FST 160
210 PHIS = PHIS ¢ COS1(INUVI®SHOUR (INU) FSY 168
SSIGVSCIN,INUY = SSIGVSCINSINU) ¢ COSL{INUISSVNOUR(INYY FSY 182
BMOTSC(N.IMU) = BMOTSCIN, INUI ¢ COS1(INUISBMOUR(INIY (434 143
BVELSCIN,IWU1I = BVELSCIN,INUI ¢ COS1{INUI*BVHOUR(INUY FSY 144

4 FSY 145
SEND OF LOOP OVER MU, FSY 186
. FST 16?7
400 CONTINVE FSTY 148
IF (ISC .E2. 0) GO YO 860 FSY 149

PHIS = SQRT{CON1®PHIS) FSY 150
SSIGVSCIN.IMU} = SQRT(CONL®SSIGVSC IN,IMU) FST 151
BMOTSC(NJIY) = SQRT(CONL®BMOTSCIN, INUN) FStT 152
BVELSCIN,IMU) = SQRT(CON1®BVELSCIN, INUI) FSY 153

IF (ITERATE .EQ. 0) GO YO 250 FSTY 154
SSGVOW = SSIGVSC (N, INU) /UPHI FST 155

PHIN = DAMPS (N, INU) FSY 156

CALL ITREQA(SSGVOM), RETURNS(80,250,900) FST 157
SSIGSCIN,IMJ) = PHIS FSTY 158

IF (INSAT.EQ.0) .OR., (ISOK.EQ.1)) GO TO 880 FST 159

X1 = (OSTOP(IV)/BVELMAXIIVII®(BVELSC (N, TMUII/ZBMOTSCIN, IMU) ) FSY 160

X2 = SINIXD) FSY 161

F = (W/PI)®(X2/%12) FST 162

Y = BSTOP{IV) /7 (BNOTSCIN,INUI®L, h1621) FSY 163

SSM = 1711 = X2)%((2 =~ FEX2)SERRFIY) ¢ (F = 1)ISNZCERRFIVY/X2)) FST 164

IF (SSM 3€. +98) GO TO 870 FSY 165

ISOK = FST 166

60 10 75 FSY 167

870 ITESTINSIMU) = (N FSY 168
880 RETURN AAA FSY 169
900 RETURN 888 FSY 178
EnO FST Tt
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“ FUNCTION ERIF 74/7%  OPT=0 ROUND=®/ TRACE FTN &, 00060 L4726/79 11.25.36 "
: 1 c ERF ? .
’ REAL FUNCTIIN ERRF(X) (1.4 3 !
: DATA PloaTQ6T/7 4C17:.30802/ +C2/~.09508/ C3/.70T706/ ERF 3 :
kS IF (49S{X) +GT, 15.) GO TO § ({4 ] ]
F 1 T = 1701 ¢ 29x) ERF [ !
3 ERF ’ i
3 ERRF = 1 = (C1%T ¢ C2%V5T & CISTSTST)®EXP(-X*X) ERF ] i
i 1.4 4 |
: G) Y0 10 ERF 10 j
10 §  F2RF = 1, ERF 11 :
10 RETURN (1.4 12 |
- END ERF 3 ] ‘
3 :
|
4
§ |
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i
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APPENDIX C
SPECIAL ALGORITHMS 4

ITERATION OVER ROLL-ROLL DAMPING EQUATIONS*

If roll damping coefficient n is independent of roll angle (as, for
example, in some cases where bilge keels are not appended to the hull),
; FINCON executes with a unique value of n for each required ship speed.
; However, as has often been found through model experiments, roll damping is
e dependent on roll angle, as well as ship speed and natural roll frequency.
; Thus, the program requires a different input description of roll damping. }
As described in the section of this report entitled Program Input, n is, »
in this case, defined by

0.772 2 3 4
nie do + 1.61 dqy + l.88d1y + 4d2y + 9.4d3y + 24d4y 7)

TR

A iy
. Sepul s

where y = oi/w¢ and the fractional power q = 0.772 arises from the tur- J
bulent skin friction contribution,

Thus, the computational problem is then to solve the roll equation of

s motion involving 6 for the correct value of ne
f plished by finding the intersection of the known curve of Equation (7)

.** This has been accom-

(i.e., ne = f(y) where y = o&/w¢) aqd the initially unknown curve g =
g(nIR), which is computed from the solution of the roll-rate equation of 7
motion, using the roll damping value Dype 1

The solution is found, in brief, by the following procedure as applied
to the example of Figure 4:

RiRLAG Ry

1. Assume Vo = 0, determine n, = £(0)
2. Using no, solve the roll-rate equation of motion for
ae 4

g, = 2 . g(n)

[+ w¢

*Taken from future report already under preparation by Cox.

et o it S i <im0 i

#*A*The subscript IR is used here since it is assumed that motion is
taking place in irregular waves.

53
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ROLL EQUATION
OF MOTION

ROLL RATE/NATURAL FREQUENCY, y = aé/w¢

ROLL DECAY COEFFICIENT, n

Figure 4 - Illustration of Iteration over Nonlinear
Roll-Roll Damping

Assume y, = 30/2, and determine n, = f(yl)

Compute g - g(nl)

For p= 2, 3, 4 ... etc.
Calculate y = (gp_zyp_l-gp_lyp_z)/[(Yp_l'yp_z) - (8y 178, )]

t ine =
and determ np f(yp)

Compute gp = g(np) and test if |1 - gp/yp| < € where € is some

small number. If the test is not satisfied, proceed to the next
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step of the iteration., If the test is satisfied, then the iteration

is terminated and np, gp is the required solution.
In FINCON, € is usually taken as 0.01 and is called PRCN in the pro-
gram itself. This means convergence is attained when |1 - gp/ypl < 0.01.

Table 6 provides a typical printout of the steps when 1PRINT(2) is input as
ITERATN. 1V indicates the speed, such as the first; IMU indicates the
heading, such as the seventh or 90 degrees; NTRY indicates the numbers of
attempts; PHIN indicates the latest selected n value; YP+l the latest

calculated roll-rate value (divided by w,); and g y g and y
[ p-1, “p-1,

are the previous calculated roll-rate values (divided by w¢),pg§ing bacz :
in time. It should be noted that the printing occurs at various steps
within each repetition of the iteration rather than just at the end (or
beginning) of each attempt. In the particular case listed in Table 6, the
first seven lines refer to the unstabilized case, while the last five
refer to the stabilized case. Also, it is recalled that the iteration is
operating over either the long-crested or short-crested RMS roll rate.

A similar procedure, implemented in the Navy Standard Ship Motion Program
(SMP-79) (six~-degrees-of-freedom) operates over the resonant region of the
(long-crested) roll transfer function. Also, the roll-rate values actually
used here for the internal testing (e.g., in step 5 above) are usually
taken to be the statistic which corresponds to the experimental data
described by Equation (7). In all cases, the RMS, single-amplitude roll
rate is used. The second page of Table 4 provides a further illustration

of this example.

GENERALIZATION OF COSINE SQUARED LAW FOR
SHORT-CRESTED SEAS

R P T TR TVAGD,  prt T e AT

In general, a 15-degree cosine square spreading function about + 90
degrees is used for calculation of ship motions in short-crested or multi-
directional seas (e.g., see Reference 3). However, it has been found in
calculations done previously, that a more refined angular spread may be re-
quired for roll-motion calculations at higher ship speeds. This is due to
the highly tuned nature of roll motion. That is, when considering RMS

T —— s e
AV N S o .
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roll motion across all ship he ~~ ~- at high speeds, the maximum values
may occur in between the standard 1l5-degree increments of heading; and, if
not considered, some loss of energy may be noticed.

Therefore, a FINCON program option is available for varying the
spreading angle used. Spreading angles of 5, 10, or 15 degrees may be
specified on data card 9. Though the spreading is thus varied, the pre-
dominant heading angles are never varied from the usual 15-degree
increments. Table 4 presents results when a 1l5-degree spreading is
specified. In general, either a 15-degree spreading (e.g., for lower
speeds) or a 5-degree spreading (e.g., for higher speeds) is recommended;
although no specific guidelines for the use of either are currently
available. A major difference between the two angles is, of course, in
program run time and, thus, in cost. A typical 15-degree spreading run
may cost as much as 68 percent less than a 5-degree run. In general, 10-
degree spreadings are not recommended, because irregular trends across
ship headings may be perceived. For example, for a 75-degree predominant
direction, the 10-degree spreading angles are at -15, -5, 5, . . ., 155,
165 degrees; and, for a 90~degree predominant heading, they are at 0, 10,
20, . . ., 165, 180 degrees; while for 105 degrees they are at 15, 25,

35, « . ., 185, 195 degrees. If roll is highly tuned, then adjacent short-
crested RMS roll angles may appear to have erratic behavior (e.g., decrease
at 75 degrees, increase at 90 degrees, decrease at 105 degrees, etc.).

This 1s due, numerically, just to the difference in the base spreading
angles in each case.

The algorithm implemented in FINCON to provide this generalization in
the short-cresting procedure is defined by the following:

1. Let I be the specified spreading angle (5, 10, or 15 degrees)

or angle of constant energy
2. Set £ = (180/1)/2
and ¢ = 1/
Then,
(2-1)

2
Oec (W) = ¢

p=-(2-1)




#
i,
By
2
4
E

T TRy

* where oic = gquared long-crested RMS roll or variance
M = predominant heading angle

oic = gquared short-crested RMS roll or variance.

The only interval required by the algorithm is I, the angular interval over

which a constant wave energy-ship response is assumed.




e b PN R et i

REFERENCES
l. Cox, G.G. and A.R. Lloyd, "Hydrodynamic Design Basis for Navy Ship
Roll Motion Stabilization," Transactions of the Society of Naval Architects
and Marine Engineers, Vol. 85 (1977).

2, Conolly, J.E., "Rolling and Its Stabilization by Active Fins,"
Transactions of the Royal Institute of Naval Architects, Vol. 111 (1969).

3. Bales, S.L., A.E. Baitis, and W.G. Meyers, "Rigid Body Ship
Responses and Associated Periods for a Series of Liquid Natural Gas (LNG)
Ships," NSRDC Report SPD-517-04 (Apr 1975).

4, Lloyd, A.R., "Roll Stabilizer Design Techniques," Admiralty
Experiment Works Report TR 76010 (Mar 1976).




-

= s
HEOKMEKEO I b - e

INITIAL DISTRIBUTION

Copies Code
NAVMAT 10 5211.1

1 08D17 (LCDR T. Hinton) 1 522.1
USNA 522.2
1 Tech Library

NAVSEA
1 SEA 3213, R.
1 SEA 3213, E.
1 SEA 5132, A.
1 SEA 5132, L.

Keane
Comstock
Chester
Nelson

NAVPGSCOL
1 Library

DTIC

USCG
1 Library/5-2

CHI Associates, Inc.
1 M. Chi
10 J. Tucker

MPR Associates
1 F. Sellars

CENTER DISTRIBUTION

Code
15 W.
1502 V.
1507

1513

152

154

156

1568
1568
1568
1568
1568
1568

Name

Morgan
Monacella
Cieslowski
Cummins
Lin
McCarthy
Hagen

Cox
Baitis
Bales
Bales
Jones
Foley

Name

Reports Distribution
Lib (C)

Lib (A)

Y S PR I &t 7










